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(54) Coloring composition containing a pigment coated by a polyhydroxyalkanoate 



(57) The invention provides coloring composition for 
color filters making use of a pigment, in which the dis- 
persed state of the pigment is stable without using any 
surfactant, and so aggregation is hard to occur, and 
which permits formation of high-definition and high- 
quality images excellent in color rendition, transparency 
and contrast, and a simple production process thereof, 



by which the use of surfactants can be abolished, or the 
amount of surfactants used can be reduced to a great 
extent. The coloring composition for color filters is pro- 
vided by using at least a coloring material obtained by 
coating at least part of surfaces of pigment particles with 
polyhydroxyalkanoate, and a dispersion medium for the 
coloring material. 
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BNSDOCID: <EP 1262229A1_I_> 



Description 



EP 1 262 229 A1 



BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001] The present invention relates to a coloring composition useful for production of a color filter used in a color 
liquid crystal display device. 

io Related Background Art 

[0002] As a representative system of color liquid crystal display devices such as color liquid crystal displayers and 
color video cameras, there is mainly adopted a color filter system in which a color filter is provided in the interior or 
exterior of a liquid crystal cell and a liquid crystal is used as an optical shutter. 
is [0003] This color filter is generally produced by forming a fine colored pattern on a transparent substrate such as 
glass or an opaque substrate such as silicon with three coloring compositions of red (R), green (G) and blue (B) colors. 
[0004] Dyes have heretofore been often used in these coloring compositions. However, pigments having excellent 
lightfastness and heatfastness, particularly, organic pigments havecometo be often used in place of the dyes because 
the dyes have limits in light fastness and heat fastness though they are excellent in color characteristics. 
20 [0005] For example, Japanese Patent Application Laid-Open Nos. 58-46325 and 60-184203 disclose color filters 
with pigment particles dispersed in a polyimide resin. Japanese Patent Application Laid-Open Nos. 5-224007 and 
5-224008 disclose color filters with pigment particles dispersed in methylol melamine or silanol oligomer. 
[0006] When the conventional pigment-containing coloring compositions are used, however, occurrence of pixel 
unevenness, lowering of transmittance : lowering of color rendition, etc. are caused because the dispersed state of fine 
pigment particles is unstable, and so aggregation is easy to occur. There is thus a demand for further improvements 
from the viewpoints of contrast and transparency that are required of color filters. 

[0007] In order to solve these problems, it is thus conducted to microencapsulate a pigment in a coloring composition 
for color filters to evenly disperse the pigment. For example, Japanese Patent Application Laid-Open Nos. 63-95401 , 
63-254402, 2-91602, 4-9001 and 9-230131 describe a process for producing a color filter by dispersing a microencap- 
sulated pigment in a transparent resin binder and applying the resultant dispersion to a substrate. 
[0008] These conventional microcapsules are prepared by any of various chemical preparation processes, for ex- 
ample, an interfacial polymerization process (a process in which two monomers or reactants are separately dissolved 
in a dispersed phase and a continuous phase, and the monomers are polymerized at an interface between both phases 
to form a wall film), a suspension polymerization process (a process in which a core material is dispersed in a monomer 
in an aqueous medium, and the temperature of the system is then raised to form a wall film), an emulsion polymerization 
process (a process in which a water-insoluble monomer is added to an aqueous medium in which a surfactant has 
been dissolved, the mixture is stirred to take the monomer in the micelle of the emulsifier, and the monomer is polym- 
erized in the micelle to form a wall film), an in-situ polymerization process (a process in which liquid or gaseous monomer 
and catalyst, or two reactive substances are fed from either a continuous phase or a core particle side to cause a 
reaction, thereby forming a wall film), a coacervation (phase separation) process (a process in which a polymer solution 
in which core particles have been dispersed is separated into a thick phase having a high polymer concentration and 
a dilute phase to form a wall film), and a submerged drying process (a process in which a liquid with a core material 
dispersed in a solution of a wall film material is prepared, the dispersion is poured into a liquid, in which the continuous 
phase of the dispersion is not miscible, to prepare a complex emulsion, and the medium, in which the wall film material 
45 has been dissolved, is gradually removed to form a wall film). 

[0009] In the microcapsules prepared in accordance with these conventional processes, however, surfactants such 
as suspension stabilizers and emulsifiers, which are used in plenty, remain in capsules or on capsule films, and so 
there is a demand for further improvements from the viewpoints of water fastness of colored images after application 
of coloring compositions and adhesion of the colored images to substrates. 

[0010] In an electrodeposition process which is one of the production processes of a color filter, hydrophilic coloring 
compositions are used, and so a surfactant or the like must be used in plenty when an ordinary hydrophobic resin is 
used. Therefore, the same improvements as described above are desired. 

[0011] Japanese Patent Application Laid-Open No. 8-31 371 8 thus discloses a process in which an anionic polymer 
is used to prepare microcapsules by emulsion polymerization without using any surfactant, and the microcapsules are 
self-dispersed in the resulting hydrophilic coloring composition without using any surfactant. However, this process 
has been complicated in operation because a solvent contained in the hydrophilic reaction solution must be distilled 
off by distillation or the like after the preparation of the microcapsules. 

[0012] In these conventional production processes, a dispersion medium is also contained in the microcapsules in 
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addition to a pigment, and so the density of the pigment occupied in the microcapsules cannot be raised in some cases. 
In such a case, there is a demand for further improvements from the viewpoint of uses of a color filter of which high- 
quality images high in definition and resolution are required. 



5 SUMMARY OF THE INVENTION 



[0013] It is an object of the present invention to provide a coloring composition for color filters making use of a 
pigment, in which the dispersed state of a pigment is stable without using any surfactant, and so aggregation is hard 
to occur, and which permits formation of high-definition and high-quality images excellent in color rendition, transpar- 
10 ency and contrast, and a simple production process thereof, by which the use of surfactants can be abolished, or the 
amount of surfactants used can be reduced to a great extent. 

[0014] In order to achieve the above object, the present inventors have carried out an extensive investigation. As a 
result, it has been found that a polyhydroxyalkanoate (hereinafter may be abbreviated as "PHA") synthetic enzyme is 
immobilized on a pigment for color filters, and 3-hydroxyacyl coenzyme A (3-hydroxyacyl CoA) is added thereto and 

15 reacted, whereby the pigment can be easily encapsulated in fine microcapsules without using any surfactant, that at 
that time, the pigment can be encapsulated at a high density because the surface of the pigment i-SCoAted directly 
with PHA, and that the composition of PHA, which is a shell of the microencapsulated pigment, can be optionally set 
so as to have hydrophilicity, lipophilicity or any other nature by suitably selecting the kind of the 3-hydroxyacyl CoA. It 
has also been found that a microencapsulated pigment improved in various properties can be provided by subjecting 

20 the PHA to chemical modification. More specifically, for example, it has been found that a graft chain is introduced in 
the PHA, whereby a microencapsulated pigment in which at least a part of a pigment i-SCoAted with a PHA having 
various properties attributable to the graft chain can be provided. Further, it has been found that the PHA is crosslinked, 
whereby a microencapsulated pigment in which at least a part of a pigment i-SCoAted with a PHA having desired 
physicochemical properties (for example, mechanical strength, chemical resistance, heat resistance, etc.) can be pro- 

25 vided. In the present invention, the term "chemical modification" means that a chemical reaction is performed in a 
molecule of a polymeric material, between molecules thereof or between the polymeric material and another chemical 
substance, whereby the molecular structure of the polymeric material is modified. The term "crosslinking" means that 
a polymeric material is chemically or physicochemically bonded in its molecule or between molecules thereof to form 
a network structure. The term "crosslinking agent" means a substance added for conducting the crosslinking reaction 

30 and having certain reactivity to the polymeric material. 

[0015] It has been found that owing to the above-described properties, the microencapsulated pigment has good 
dispersibility in the resulting hydrophilic, lipophilic or amphipathic coloring composition without using any surfactant by 
suitably selecting the kind of the PHA and can hence form images excellent in color rendition, transparency and contrast, 
and the images formed are excellent in water fastness and adhesion to substrates, thus leading to completion of the 

35 present invention. 

[001 6] According to the present invention, there is thus provided a coloring composition for color filters, comprising 
a coloring material obtained by coating at least a part of pigment particles with PHA, and a dispersion medium for the 
coloring material. 

[0017] According to the present invention, there is also provided a coloring composition for color filters, comprising 
40 a coloring material obtained by coating at least a part of pigment particles with hydrophilic PHA, and a dispersion 
medium for the coloring material. 

[0018] According to the present invention, there is further provided a process for producing a coloring composition 
for color filters containing a coloring material and a dispersion medium for the coloring material, which comprises the 
steps of: 

45 performing a synthetic reaction of a polyhydroxyalkanoate using a 3-hydroxyacyl CoA as a substrate in the pres- 

ence of a polyhydroxyalkanoate-synthesizing enzyme immobilized on the surfaces of pigment particles dispersed in 
an aqueous medium, thereby coating at least a part of the surfaces of the pigment particles with the polyhydroxyal- 
kanoate to obtain a coloring material, and 

dispersing the coloring material in a dispersion medium. 

so [0019] In particular, the production process comprises the step of using a 3-hydroxyacyl CoA having an anionic 
functional group to coat at least a part of the surfaces of the pigment particles with an anionic PHA, thereby obtaining 
a coloring material. 

[0020] I n the present invention, the coloring material has a structure in which at least a part of the surfaces of pigment 
particles i-SCoAted with a polyhydroxyalkanoate, and it is not always necessary to coat the whole surfaces of the 
55 pigment particles so far as the intended properties of the coloring material are achieved. In the state that the whole 
surfaces has been coated, a microencapsulated pigment in which the pigment particles are used as a core, and the 
coating layer of the polyhydroxyalkanoate is used as a shell is provided as a coloring material. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] Figure is a cross-sectional view illustrating a fundamental structure of a color liquid crystal display device 
according to the present invention. 

5 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0022] The present invention will hereinafter be described in more detail. 
10 <PHA> 

[0023] No particular limitation is imposed on PHA usable in the present invention so far as it is a PHA which can be 
synthesized by a PHA-synthesizing enzyme which contributes to a biosynthesis of PHA. 

[0024] The biosynthesis of PHA is performed by a polymerization reaction by an enzyme using, as a substrate, an 
^ (R)-3-hydroxyacyl CoA formed from various alkanoic acids as raw materials through various metabolic pathways (for 
example, p-oxidation systems and fatty acid synthesis pathways) in vivo. The enzyme that catalyzes this polymerization 
reaction is a PHA-synthesizing enzyme (also referred to as PHA polymerase or PHA synthase). CoA is an abbreviation 
for coenzyme A, and the chemical structure thereof is as follows: 



25 
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CH 3 O O 



35 

[0025] Reactions until an alkanoic acid is converted to a PHA through p-oxidation system and polymerization reaction 
by the PHA-synthesizing enzyme will hereinafter be shown. 
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[0026] On the other hand, in the case of passing through a fatty acid synthesis pathway, it is considered that an (R)- 
3-hydroxyacyl CoA converted from an (R)-3-hydroxyacyl-ACP (ACP means acyl carrier protein) formed in the pathway 
is used as a substrate, and PHA is synthesized by the PHA synthase in the same manner as described above. 
[0027] It is known that PHA can be synthesized in vitro by taking the PHB synthase or PHA synthase out of a strain, 
and the following examples are present. 

[0028] For example, Proc. Natl. Acad. Sci. USA, 92, 6279-6283 (1995) succeeds in synthesizing a PHB composed 
of a 3-hydroxy-n-butyric acid unit by causing a 3-hydroxybutyryl CoA to act on a PHB synthase derived from Alcaligenes 
eutrophus. Int. J. BioL Macromol., 25, 55-60 (1999) succeeds in synthesizing a PHA composed of a 3-hydroxy-n-butyric 
acid unit or 3-hydroxy-n-valeric acid unit by causing a 3-hydroxybutyryl CoA or 3-hydroxyvaleryl CoA to act on a PHB 
synthase derived from Alcaligenes eutrophus. In this literature, it is also reported that when a racemic 3-hydroxybutyryl 
CoA was reacted, a PHB composed of an (R)-3-hydroxy-n-bulyric acid unit alone was synthesized. Macromol. Rapid 
Commun., 21, 77-84 (2000) also reports PHB synthesis in vitro using a PHB synthase derived from Alcaligenes eu- 
trophus. FEMS Microbiol. Lett., 168, 319-324 (1998) succeeds in synthesizing a PHB composed of a 3-hydroxy-n- 
butyric acid unit by causing a 3-hydroxybutyryl CoA to act on a PHB synthase derived from Chromatium vinosum. Appl. 
Microbiol. Biotechnol., 54, 37-43 (2000) succeeds in synthesizing a PHA composed of a 3-hydroxy-decanoic acid unit 
by causing a 3-hydroxydecanoyl CoA to act on a PHA synthase derived from Pseudomonas aeruginosa. 
[0029] As described above, PHA synthases are enzymes catalyzing a final stage in a PHA synthesizing reaction 
system in vivo. Accordingly, all PHAs known to be synthesized in vivo come to be synthesized by the catalytic action 
of such enzymes. It is thus possible to produce microencapsulated pigments with a pigment coated with all kinds of 
PHAs, which have been known to be synthesized in vivo, by causing a 3-hydroxyacyl CoA corresponding to the desired 
PHA to act on such an enzyme immobilized on a substrate in the present invention. 

[0030] As specific examples of PHAs used in the present invention, may be mentioned PHA having at least one of 
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the monomer units represented by the following formulae [1] to [10]. 



Rt 
I 

(CH 2 )a 



[1] 



-(— 0 — CH— CH— CO-)— 



10 



wherein the monomer unit is at least one selected from the group consisting of the monomer units in which the com- 
bination of R1 and "a" is any of the following combinations: 



15 



a monomer unit in which R1 is a hydrogen (H) atom, and "a" is any one integer selected from 0 to 10; 

a monomer unit in which R1 is a halogen atom, and "a" is any one integer selected from 1 to 10- 

a monomer unit in which R1 is a carboxyl group or a salt thereof, and "a" is any one integer selected from 1 to 1 0* 

a monomer unit in which R1 is a chromophoric group, and "a" is any one integer selected from 1 to 1 0- and 

a monomer unit in which R1 is 
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— C-CH 2 
H 2 



and "a" is any one integer selected from 1 to 7. 
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C2] 



CO-)— 



wherein "b" is any one integer selected from 0 to 7, and R2 is any one selected from the group consisting of a hydroaen 
(H) atom, a halogen atom, -CN, -N0 2 , -CF 3 , -C 2 F 5 and -C 3 F 7 . 
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10 



15 




CH 2 )c 



(— O CH — CH— CO-j- 



[3] 



wherein "c" is any one integer selected from 1 to 8, and R3 is any one selected from the group consisting of a hydrogen 
(H) atom, a halogen atom, -CN, -N0 2 , -CF 3 , -C 2 F 5 and -C 3 F 7 . 



20 



25 



30 




(CH 2 )d 



[4] 



(-O CH — CH— CO-) — 



35 



wherein "d" is any one integer selected from 0 to 7, and R4 is any one selected from the group consisting of a hydrogen 
(H) atom, a halogen atom, -CN, -N0 2 , -CF 3 , -C 2 F 5 and -C 3 F 7 . 



40 



45 



50 




CO 

I 

(CH 2 )e 



[5] 



(-0 — CH— CH— CO-)- 



55 wherein "e" is any one integer selected from 1 to 8, and R5 is any one selected from the group consisting of a hydrogen 
(H) atom, a halogen atom, -CN, -N0 2 , -CF 3 , -C 2 F 5 , -C 3 F 7 -CH 3 , -C 2 H 5 and -C 3 H 7 . 
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[6] 



10 



(CH 2 )f 



-(— O — CH— CH— CO-j- 



15 



wherein "f" is any one integer selected from 0 to 7. 




25 



CO 
I 

jCH 2 )g 

— (-O — CH — CH— CO-)- 

30 wherein "g" is any one integer selected from 1 to 8. 



[7] 
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(CH 2 )h 



[8] 



-{— O — CH— CH— CO-)- 



wherein h .s any one integer selected from 1 to 7, and R6 is any one selected from the group consisting of a hydrogen 

int f° m h a H 96 ?M? m ' " C k ' " N ° 2 ' " COOR ' • S ° 2R *' - CH3 ' - C ^- " CH < CH 3>2 and -C(CH 3 ) 3 in whbh R' is 

any of a hydrogen (H) atom, Na, K, -CH 3 and -C 2 H 5l and R" is any of -OH, -ONa. -OK a halogen atom, -OCH 3 and 
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10 



15 




(CH 2 )i 



[9] 



{— O CH— CH— CO-}- 



wherein "i" is any one integer selected from 1 to 7, and R7 is any one selected from the group consisting of a hydrogen 
20 (H) atom, a halogen atom, -CN, -N0 2 , -COOR' and -S0 2 R" : in which R' is any of a hydrogen (H) atom, Na, K, -CH 3 
and -C 2 H 5j and R" is any of -OH, -ONa, -OK, a halogen atom, -OCH 3 and -OC 2 H 5 . 
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do] 



(CH,)j 



•CH— CH— CO-J- 
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wherein "j" is any one integer selected from 1 to 9. 

[0031] Incidentally, specific examples of the halogen atom in the above formulae include fluorine, chlorine and bro- 
mine. 

[0032] Specific examples of the 3-hydroxyacyl CoA used as a substrate in the syntheses of the PHA include 3-hy- 
droxyacyl CoAs represented by the following formulae [12] to [21]. 



45 



OH 
I 

R1— (CH 2 )a — C— CH— CO— SCoA 



[12] 



wherein -SCoA is a coenzyme A bonded to an alkanotc acid, and the combination of R1 and "a" is at least one selected 
50 from the group consisting of the following combinations and corresponds to the combination of R1 and "a" in the 
monomer unit represented by the formula [1]: 



a monomer unit in which R1 is a hydrogen (H) atom, and "a" is any one integer selected from 0 to 1 0; 
a monomer unit in which R1 is a halogen atom, and "a" is any one integer selected from 1 to 1 0; 
55 a monomer unit in which R1 is a carboxyl group or a salt thereof, and "a" is any one integer selected from 1 to 1 0; 

a monomer unit in which R1 is a chromophoric group, and "a" is any one integer selected from 1 to 10; and 
a monomer unit in which R1 is 
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0 

C— CH, 

H 1 



and "a" is any one integer selected from 1 to 7. 



^VcH r (CH 2 )b-CH-CH 2 -CO-SCoA [13] 
R2 — 



wherein -SCoA is a coenzyme A bonded to an alkanoic acid, »b» corresponds to "b" in the monomer unit represented 
by the f ormula [2] and is any one integerselectedfromOto?, and R2 corresponds to R2in the monomer unit represented 
20 no rT r ? a ^ *S7 S6leCted fr ° m the 9r ° UP consislin 9 of a ^ogen (H) atom, a halogen atom, -CN, 



/7~\ ? H 

J^y~°— (CH 2 )c-CH-CH 2 -CO-SCoA [14] 
R3 — 

wherein -SCoA is a coenzyme A bonded to an alkanoic acid, «c" corresponds to "c» in the monomer unit represented 
by the f ormula [3] and ,s any one integerselected from 1 to 8, and R3 corresponds to R3 in the monomer unit represented 
by the formula [3] and is any one selected from the group consisting of a hydrogen (H) atom, a halogen atom, -CN 
-r\iu 2 , -Oh 3 , -C 2 F 5 and -C 3 F 7 . 



35 

R4 J ( ^y-0Hr(CH 1 )<l-CH-0H r OO-SCoA [15] 



40 



wherein -SCoA is a coenzyme A bonded to an alkanoic acid, »d" corresponds to »d» in the monomer unit represented 
by the formula [4] and is anyone integerselectedfromOto 7, and R4 corresponds to R4 in the monomerunit represented 

45 IS T r l t ] « V? SSleCted fr ° m thS 9r ° Up C ° nSiSting 0f a hydr °9 en < H > atom ' a hal °9^ a tom, -CN, 
-imu 2 , -01-3, -o 2 r 5 and -C 3 F 7 . 



R5 



^y-CO-(CH 2 )e-CH-CH 2 -CO-SCoA [16] 



55 



wherein -SCoA is a coenzyme A bonded to an alkanoic acid, "e" corresponds to »e» in the monomer unit represented 
by the formula [5] and is any one integerselected from 1 to 8, and R5 corresponds to R5 in the monomer unit represented 
by the formula [5] and .s any one selected from the group consisting of a hydrogen (H) atom, a halogen atom, -CN 
-r\iu 2 , _CP 3« ~ C 2 F 5' ~ C 3 F 7 " CH 3. -C 2 H S and -C 3 H 7 . 
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OH 



[f\-CH r (CH 2 >f-CH-CH— CO— SCoA [17] 



wherein -SCoA is a coenzyme A bonded to an alkanoic acid, and "f" corresponds to "f" in the monomer unit represented 
by the formula [6] and is any one integer selected from 0 to 7. 

10 



OH 

[[/ — CO - (CH 2 )g— CH— CH^— CO — SCoA [ 1 8] 

S 



wherein -SCoA is a coenzyme A bonded to an alkanoic acid, and "g" corresponds to "g" in the monomer unit represented 
by the formula [7] and is any one integer selected from 1 to 8. 

20 



25 R6 



, > OH 

Jyj—S — (CH 2 )h-CH-CH— CO— SCoA [1 9] 



wherein -SCoA is a coenzyme A bonded to an alkanoic acid, "h" corresponds to "h" in the monomer unit represented 
by the formula [8] and is any one integer selected from 1 to 7, and R6 corresponds to R6 in the monomer unit represented 
30 by the formula [8] and is any one selected from the group consisting of a hydrogen (H) atom, a halogen atom, -CN, 
-N0 2 , -COOR\ -S0 2 R", -CH 3 , -C 2 H 5 , -C 3 H 7 , -CH(CH 3 ) 2 and -C(CH 3 ) 3l in which R' is any of a hydrogen (H) atom, Na, 
K, -CH 3 and -C 2 H 5 , and R M is any of -OH, -ONa, -OK, a halogen atom, -OCH 3 and -OC 2 H 5 . 



35 OH 



40 
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S— C-S — (CH 2 )i-CH-CH— CO— SCoA [20] 



wherein -SCoA is a coenzyme A bonded to an alkanoic acid, T corresponds to T in the monomer unit represented 
by the formula [9] and is any one integer selected from 1 to 7, and R7 corresponds to R7 in the monomer unit represented 
by the formula [9] and is any one selected from the group consisting of a hydrogen (H) atom, a halogen atom, -CN, 
-N0 2 , -COOR' and -S0 2 R", in which R' is any of a hydrogen (H) atom, Na, K, -CH 3 and -C 2 H 5 , and R" is any of -OH, 
45 -ONa, -OK, a halogen atom, -OCH 3 and -OC 2 H 5 . 



OH 

[TV~? — CCH 2 )j— CH-CH— CO— SCoA [21 ] 



wherein -SCoA is a coenzyme A bonded to an alkanoic acid, and "j" corresponds to "j" in the monomer unit represented 
55 by the formula [1 0] and is any one integer selected from 1 to 9. 

[0033] As the PHA making up the microencapsulated pigment, one having a hydrophilic functional group is used, 
whereby the microencapsulated pigment can be dispersed in the resulting hydrophilic coloring composition while re- 
ducing the use of a surfactant. Any hydrophilic functional group may be used, and an anionic functional group may be 
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used. Further, any anionic functional group may be used, and a carboxyl group may be particularly used Examples 
of a PHA having the carboxyl group include PHAs in which a carboxyl group has been introduced by at least one of 
monomer units represented by the formula 

COOH 
I 

(CH 2 )k [n] 
— f— O CH— CH— CO-) — 



wherein "k" is any one integer selected from 1 to 1 0. 

[0034] More specifically, among the above-mentioned PHAs, a PHA having a monomer unit derived from 3-hydroxv- 
'5 pimelic acid represented by the formula 



COOH 



(CH 2> 3 [23] 



(— O CH— CH— CO-}- 



may be exemplified. 

[0035] As examples of the 3-hydroxyacyl CoA used as a substrate for introduction of the monomer unit represented 
by the formula [11], may be mentioned hydroxyacyl CoAs represented by the formula 



OH 
I 

HOOC-(CH 2 )k— C-CH— CO— SCoA [22] 



40 



wherein -SCoA is a coenzyme A bonded to an alkanoic acid, and "k" corresponds to "k" in the monomer unit represented 
by the formula [11] and is any one integer selected from 1 to 10. At least one of these substrates may be used As the 
3-hydroxyacyl CoA used as a substrale for synthesizing the PHA having 3-hydroxypimelic acid represented by the 
formula [22], may be mentioned a 3-hydroxypimelyl CoA represented by the formula 



45 



55 



OH , 

HOOC— (CH 2 )— CH-CH— CO— SCoA [24] 

[0036] Incidentally, specific examples of the halogen atom in the above formulae include fluorine chloric »„h bro- 
mine. No particular limitation is imposed on the chromophoric group so far as the 3-hydroxyacyl CoA thereof can be 
affected by the catalytic action of the PHA synthase. However, it is desirable that a methylene chain having 1 to 5 
carbon atoms be present between the carboxyl group, to which the CoA has been bonded, and the chromophoric group 
in view of steric hindrance upon the synthesis of the polymer. As uses of the coloring composition containing the 
microencapsulated pigment coated with the PHA having the chromophoric group, can be expected more effective 
coloring abilrty by, for example, the combined action with the coloring component of the pigment. Examples of the 
chromophoric group include nitroso, nitro, azo, diarylmethane. triarylmethane, xanthene, acridine, quinoline methine 
thiazole indamine, mdophenol, lactone, aminoketone, hydroxyketone, stilbene, azine, oxazine, thiazine anthraqui- 
none, phthalocyanine and indigoid. 
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[0037] As the PHA used in the present invention, may also be used a random copolymer or block copolymer con- 
taining a plurality of the monomer units described above, whereby the properties of the functional groups contained in 
the respective monomer units can be utilized to control the properties of the PHA, impart a plurality of functions to the 
PHA and develop new functions using interactions between the functional groups. 

5 [0038] The compositions such as the kind and concentration of the 3-hydroxyacyl CoA as a substrate are changed 
with time, whereby the monomer unit composition of the PHA can be changed in a direction from the inside of the 
pigment toward the outside. In the case of, for example, a microencapsulated pigment for fabrication of a color filter 
by an ink-jet system, thereby, plural functions such as excellent blocking resistance upon storage and excellent low- 
temperature fixing ability upon fixing can be given at the same time by forming a PHA having a high glass transition 

10 temperature in a skin layer of the microencapsulated pigment and a PHA having a low glass transition temperature in 
an inner layer thereof. 

[0039] For example, when the coated structure must be formed with a PHA having low affinity for a pigment, a base 
material is first coated with a PHA having high affinity for the base material, and the monomer unit composition of the 
PHA having high affinity for the pigment can be changed to a monomer unit composition of the intended PHA in a 
15 direction from the inside toward the outside to form, for example, a multi-layer structure or gradient structure, whereby 
a PHA film firmly bonded to the pigment can be formed. 

[0040] A graft chain is introduced into the PHA of the skin layer of the microencapsulated pigment, whereby a mi- 
croencapsulated pigment having properties attributable to the graft chain can be provided. The PHA of the skin layer 
of the microencapsulated pigment is crosslinked, whereby a microencapsulated pigment having excellent mechanical 
20 strength can be provided. 

[0041] PHAs synthesized by the PHA synthases used in the structures according to the present invention are gen- 
erally isotactic polymers composed of R-configuration alone. 

[0042] A 3-hydroxyacyl CoA, which is a substrate for synthesis of a PHA, can be synthesized for use in accordance 
with a process suitably selected from among, for example, an in vitro synthesis process using an enzyme, an in vivo 
25 synthesis process using an organism such as a microorganism or plant, a chemical synthesis process, etc. In particular, 
the synthesis process using the enzyme is a generally used process in the synthesis of the substrate, and there are 
known processes using the following reaction making use of a commercially available acyl CoA synthase (Acyl CoA 
ligase, E.C.6.2.1.3) (Eur. J. Biochem., 250, 432-439 (1997); Appl. Microbiol. Biotechnol., 54, 37-43 (2000), etc.). 

30 Acyl CoA synthase 

3-Hydroxyalkanoic acid + CoA -> 3-Hydroxyacyl CoA 

[0043] In synthetic processes using an enzyme or organism, a batch type synthesis process may also be used, or 
35 an immobilized enzyme or immobilized cell may be used to perform continuous production. 

<PHA synthase and productive bacteria> 

[0044] As a PHA synthase used in the present invention, may be used that produced by a microorganism suitably 
40 selected from microorganisms that produces such an enzyme, or by a transformant obtained by introducing a PHA 
synthase gene of such a microorganism into a host microorganism. 

[0045] As the microorganisms producing the PHA synthases ! may be used PHB- or PHB/V-producing bacteria. As 
such bacteria, may be used Aeromonas 

sp., Alcaligenes sp., Chromatium sp., Comamonas sp., Methylobacterium sp., Paracoccus sp. and Pseudomonas sp. t 
45 and besides Burkholderia cepacia KK01 strain, Ralstonia eutropha TB64 strain : Alcaligenes sp. TL2 strain which have 
been isolated by the present inventors. Incidentally, the KK01 strain, TB64 strain and TL2 strain are deposited as 
Accession Nos. FERM BP-4235, FERM BP-6933 and FERM BP-6913, respectively, in Patent Microorganism Deposit 
Center, Institute of Bioscience and Human-Technology, Ministry of Economy and industry. 

[0046] As the microorganisms producing the PHA synthases, may be used mcl-PHA- or unusual-PHA-producing 
50 bacteria. As such bacteria, may be used Pseudomonas aureovorans, Pseudomonas resinovorans, Pseudomonas 61 -3 
strain, Pseudomonas putida KT2442 strain and Pseudomonas aeruginosa, and besides microorganisms of Pseu- 
domonas sp. such as Pseudomonas putida P91 strain, Pseudomonas cichorii H45 strain, Pseudomonas cichoriiYN2 
strain and Pseudomonas jessenii P1 61 strain which have been isolated by the present inventors, and microorganisms 
of Burkholderia sp. such as Burkholderia sp. OK3 strain (FERM P-17370) described in Japanese Patent Application 
55 Laid-Open No. 2001-78753, Burkholderia sp. OK4 strain (FERM P-17371) described in Japanese Patent Application 
Laid-Open No. 2001-69968. In addition to these microorganisms, microorganism belonging to Aeromonas sp., Coma- 
monas sp., etc. and producing mcl-PHA and unusual-PHA may also be used. 

[0047] Incidentally, the P91 strain, H45 strain, YN2 strain and P1 61 strain are internationally deposited as Accession 
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Nos. FERM BP-7373. FERM BP-7374, PERM BP-7375 and FERM BP-7376, respectively in Patent Microoraanism 

SElStf' nS ^ te °' Bi ° SCienCe Human - Technol °^ synthetic Instituted Indus! ixSiSZS? 
Agency of ndustr.al Science and Technology, Ministry of Trade and Industry), Ministry of Economy and TnduTry on 

^friSST* 1 ^ " lnlernati0na, ReC ° 9niti0n ° f ° eP0Sit ° f M ™°W™™ J the Ptoses of 

fnTntL ln f.° r rdina,y ? U ' tUre ° f microor 9 anisms used in production of the PHA synthases according to the present 
f Preparatl0n of stock strains > 9 rcwt " for ensuring the number of bacteria and activated state 

necessary for the product™ of the PHA synthases, etc., a medium containing components necessary fo the aro^h 

° r°T7 US6d iS SUit3bly Sel6Cted for use - An * kinds of media ' for ^mple gene al c^mpfe med KiElS 
broth, yeast extract, etc.), synthetic media to which nutrient has been added, etc may be usedTSr as thevTno 
adversely affect the growth and survival of the microorganisms y " 0t 

!n™i A M he CU,tUre ' mSth0dS SUCh 38 ' iquid CUltUre and solid cu,ture ma V be ^ed so far as they are methods 

cu tu re ed batch "^"^ ^ ^ be C ° ndUCted irr6SpeCtive of the kind °' *• culture, such as batch 

mllhnH f f ' ba ' ch f cultur i e ' sem.-cont.nuous culture or continuous culture. The forms of liquid batch culture include a 
method of conducing shaking by a shaking flask to feed oxygen and an oxygen feeding method of a sti^d aeratfon 

I , ? PHA-producng microorganism as described above is used to produce a PHA synthase there 

.s used, for example, a process in which the microorganism is grown in an inorganic medium contein^g an a!kano c 
a d such as octancc acid or nonanoic acid, microorganisms from a logarithmic growth phase to an iSatsta^a 
stat.onary phase are collected by centrifugation or the .ike. and a desired enzyme is extracted When he cXe is 
formed under such conditions as described above, a mc.-PHA derived from the a.kanoic acid aZe7^Xe£e* 

^^fZSSTT 0386 ■ Synth3Se 18 S9id l ° be PreS6nt in the iorm bonded *> finVSc.es of 

the PHA formed w.th.n the microorganisms. However, an investigation by the present inventors have revealed tha 

enzymat.c acfvity is present to a considerable extent even in a supernatant obtained by ciX^Z^lS 

s n Ce r Cr0 ° r9an,SmS , CU,, , Ured 6y above " described me thod. This is considered to be attribute We L S£ 
since the enzyme ,s acfvely produced in the microorganisms in such a comparatively initial stage of the culture f om 

r ~ izz s::r stage of the ~ phase as d — - 

I°n 0 m 5 nL o T t he inorganic , medium used in th * above-described culture process may be any medium so far as it contains 
components capable of growing microorganisms, such as phosphorus source (for example, phosphate) 

SSJS »n 9 M< 5 S R OUrC H ( 6Xa T Ple ' ammonium salt or ni,rate >- As examples of an inorganic salt medium may be men- 
he M9 medium us^in'th" m6 ? m °' ^ ° hem " ^ ^ (1956)) 3nd an ^ 9 medium - The co^osftion of 
me M9 medium used in the present invention is as follows. 

35 Na 2 HP0 4 : 6.2 g 

KH 2 P0 4 : 3.0 g 
NaCI: 0.5 g 
NH 4 CI: 1.0 g 

(in 1 liter of the medium; pH 7.0). 
[0052] In order to conduct good growth and production of the PHA synthase, it is preferable that the followina solution 
of trace components be added in an amount of about 0.3 % (v/v) to the inorganic salt medium 9 

(Trace component solution) 

[0053] 
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Nitrilotriacetic acid: 1 .5 g 

MgS0 4 : 3.0 g 
50 MnS0 4 : 0.5 g 

NaCI: 1.0 g 

FeS0 4 : 0.1 g 

CaCI 2 : 0.1 g 

CoCI 2 : 0.1 g 
55 ZnS0 4 : 0.1 g 

CuS0 4 : 0.1 g 

AIK(S0 4 ) 2 : 0.1 g 

H 3 B0 3 : 0.1 g 
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Na 2 Mo0 4 : 0 1 9 
NiCI 2 : 0.1 g 

(in 1 liter of the medium). 

5 [0054] The temperature of the culture may be any temperature so far as the above strain can be well grown. For 
example, 14 to 40°C, preferably 20 to 35°C is suitable. 

[0055] A transformant obtained by introducing a PHA. synthase gene owned by the PHA-producing bacterium may 
be used to produce a desired PHA synthase. Cloning of the PHA synthase gene, preparation of a manifestation vector 
and preparation of the transformant can be performed in accordance with the methods known per se in the art. In a 

io transformant obtained by using a bacterium such as Escherichia coli as a host, examples of a medium used in the 
culture include complex media and synthetic media, for example, LB and M9 media. The culture is aerobically performed 
at a temperature within a range of from 25 to 37°C for 8 to 27 hours, thereby growing the microorganisms. Thereafter, 
the bacteria can be collected to recoverthe PHA synthase accumulated in the bacteria. An antibiotic such as kanamycin, 
ampicillin, tetracycline, chloramphenicol or streptomycin may be added to the medium as needed. When an inducible 

15 promoter is used in the manifestation vector, an inducer corresponding to the promoter may be added to the medium 
upon the culture of the transformant to facilitate manifestation. Examples of the inducer include isopropyl-p-D-thioga- 
lactopyranoside (IPTG), tetracycline and indol acrylic acid (IAA). 

[0056] As the PHA synthase, a crude enzyme such as a fracture liquid of the microorganisms, an ammonium sulfate- 
salted out substance obtained by precipitating a protein component with ammonium sulfate or the like and collecting 
20 jt may also be used. Alternatively, a purified enzyme purified by any of various methods may be used. Stabilizers and 
activators such as metal salts, glycerol, dithiothreitol, EDTA and bovine serum albumin (BAS) may be suitably added 
to the enzyme as needed. 

[0057] Any methods may be used for isolation and purification of the PHA synthase so far as the enzymatic activity 
of the PHA synthase is retained. For example, a crude enzyme solution obtained by rupturing the resultant microbial 

25 strain by means of a French press, ultrasonic breaker, lysozyme or any of various kinds of surfactants and centrifuging 
it, or an ammonium sulfate-salted out substance prepared therefrom is treated by a means such as affinity chroma- 
tography, cation- or anion-exchange chromatography or gel filtration or a suitable combination thereof, whereby a 
purified enzyme can be obtained. In particular, a recombinant protein can be more simply purified by its manifestation 
in the form of a fused protein with a "tag" such as a histidine residue bonded to an N terminal or C terminal and bonding 

30 it to an affinity resin through this tag. In orderto isolating the intended protein from the fused protein, it is better to use 
a method such as scission with a protease such as thrombin or blood coagulation factor Xa, lowering of pH, or addition 
of^a high-concentration imidazole as a bonding competitor. Alternatively, when the tag contains an intein like the case 
where pTYB1 (product of New England Biolab Co.) is used as a manifestation vector, scission is performed under 
reducing conditions with dithiothreitol. As fused proteins which permits the purification by affinity chromatography, 

35 glutathione-S-transferase (GST), chitin-bonded domain (CBD), maltose-bonded protein (MBP) and thioredoxin (TRX) 
are also publicly known in addition to the.histidine tag. The GST fused protein can be purified with a GST affinity resin. 
[0058] Activity measurement of the PHA synthase can be performed by using the already known various methods. 
For example, the measurement can be performed in accordance with the following process using a measurement 
principle that CoA released in the course of a process in which a 3-hydroxyacyl CoA is polymerized into a PHA by the 

40 catalytic action of the PHA synthase is colored with 5,5"-dithiobis (2-nitrobenzoic acid) to conduct measurement. Re- 
agent 1 : Dissolving bovine serum albumin (product of Sigma Co.) at a concentration of 3.0 mg/ml in 0.1 M Tris hydro- 
chloride buffer (pH: 8.0); Reagent 2: Dissolving 3-hydroxyoctanoyl CoA at a concentration of 3.0 mM in 0.1 M Tris 
hydrochloride buffer (pH: 8.0); Reagent 3: Dissolving trichloroacetic acid at a concentration of 1 0 mg/ml in 0.1 M Tris 
hydrochloride buffer (pH: 8.0); Reagent 4: Dissolving 5,5"-dithiobis (2-nitrobenzoic acid) at a concentration of 2.0 mM 

45 in 0.1 M Tris hydrochloride buffer (pH: 8.0). First reaction (PHA synthesis reaction): Reagent 1 (100 uJ) Is added to a 
sample (enzyme) solution (100 uJ), they are mixed, and the mixture was preincubated at 30°C for 1 minute. After 
Reagent 2 (1 00 uJ) was added to the mixture and mixed, and the resultant mixture was incubated at 30°C for 1 to 30 
minutes, Reagent 3 was added to terminate the reaction. Second reaction (Coloring reaction of free CoA): The first 
reaction mixture the reaction of which has been terminated is centrifuged (15,000 x g, 10 minutes), and Reagent 4 

50 (500 uJ) is added to the resultant supernatant (500 uJ). After the mixture was incubated at 30°C for 10 minutes, its 
absorbancy is measured at 412 nm. Calculation of enzymatic activity: An amount of the enzyme that releases 1 u,mol 
of CoA per 1 minute is regarded as 1 unit (U). 

Preparation process of coloring composition> 

55 

[0059] As an example of a preparation process of a coloring composition using the microencapsulated pigment 
according to the present invention, may be mentioned a process comprising the steps of (1) dispersing a pigment in 
an aqueous medium, (2) immobilizing a polyhydroxyalkanoate synthase on the pigment dispersed in the aqueous 
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t^tr,iti 3) t addin9 3 3 " hyC ' r0X ^ 1 CoA as a substr «<e, (4) performing a PHA synthesis reaction and (5) processing 
the resultant microencapsulated pigment into a coloring composition 

E22Lt?th St6P °' diSper ' in9 the pi9ment in the a ^ e ™s medium is conducted by adding one or more pigments 
selected to the aqueous med.um to perform a dispersing treatment and then classifying the dispersed pigment particles 
to particle diameters within the desired range if necessary. "Pigment panicles 

[0061] The pigments used in the present invention may be either organic or inorganic. However they are desirablv 

ST, 3t ,aStn r " 9ht ,aStneSS - AS 6XampleS ° f 0r9anic P*™*». ma * ^ mentioned p^mentsTthe 
azo, phthalocyanine, benzoimidazolone, quinacridone, isoindolinone, pyranthrone dibromoanthanthrone indan 

anZ a a inon aPynm r ne ' flaVa " thr ° ne ' Pe,ylene ' Perin ° ne ' «"n°Phtharone, phtharone, thioindigo ind go JoxLine 
tvoe As exa.r, onn' methmeand a20methine ^ es ' and ^er fused polycyclic pigments including me al complex 
ypes. As examples of morgamc pigments, may be mentioned Milori blue, iron oxide, cobalt violet, manganese violet 
ultramanne blue cobalt blue, Cerulean blue, viridian, emera.d green and cobalt green. One or mo pigment may be 
1 T Pi9mentS ' The above - me ™'oned pigments may also be used after subieTted to 

publicly known vanous surface treatments. Examples of the surface treatments include treatments with surfac ants 
coupling treatments and treatments with pigment derivatives. sunactants, 
[0062] The dispersing treatment can be performed by means of a homomixer, horizontal minimill ball mill roll mill 
ZXT- attrrt ° r ri U ' trasonic treatment and '°"he «»■ The treatment may also be conducted by a m mod. whS 

20 [0063] The particle diameter of the dispersed pigment is at least 0.7 w m or smaller, preferably 0.01 to 0 4 n m from 

7j:rziXt2r:^T f p r erty and evenness ° f ,i,m surface ' and ,he partici - « 

persed. When he particle diameter of the p.gment dispersed does not fall within the desired range, the particle diameter 
can be controlled by conducting classification by filtration, precipitation or the like oiameter 
[0064] The particle diameter of the dispersed pigment can be measured by the already known method such as 
absorptometery, static light scattering method, dynamic light scattering method or centrifugal sedTZ^ion metnod 

rnn^^-S 6 ' * meaSUHn9 dSViCe SUCh as Coulter Counter ^ultisizer ma? be used 

[0065 The composition of the aqueous medium for the synthesis reaction in this step may be any one so far as it 
can disperse .n the des.red state and does not interfere with the subsequent steps, i.e. the step of immobSizTnc The 

orrdium In 5TT and "? ° f Perf0rmin9 thS PHA Synth6SiS reaC,i0n - However the compo i Zof ne aq e 
cZn^ T k, ? a,S ° be made 8 com P° sition ca P abl * of causing the activity of the PHA synthase As the 
composition capable of causing the activity of the PHA synthase, may be used for example a buffer As the buff^ 
may be suitably used a genera, buffer used in biochemical reactions "for example, ££ 
potassium phosphate buffer, 3-(fM-morpholino)propane-sulfonate (MOPS) buffer^ N-tris (hydroxvmethvnmethv! 3 ami 

(CHES) buffer. The concentration of the buffer capable of causing the activity of the PHA synthase maybe used at an 
onimary concentration, i.e., a concentration ranging from 5 mM to 1 .0 M, preferably from 10 to 200 mM The pH is 
adjusted so as to be 5.5 to 9.0, preferably 7.0 to 8.5. However, the conditions may be set outside thT abov ranae 
according to the optimum pH and pH stability of the PHA synthase used 9 
K°f 6 JL TT 1 ? r ! tai 1 the dis P ersedstate of the P^^ont in the aqueous medium, a proper surfactant may be added 

^ZS^^^TT^ 00 inhibitin9 subse « uent sta P^ a " d besides the kind and concentration 
not inhibiting the object of the colonng composition according to the present invention. As examples of such a surfactant 

dodec^m ^° nS aniomcsurfac,antssuch as sodium oleate, sodium dodecylsulfonate, sodium dodecylsultoe.Todrum 
dodecyl-N-sarcosinate, sodium chelate, sodium deoxycholate and sodium taurodeoxycholate- cationic surfactante 
m1?o a r?H ' m rr mm0niUm br ° mide and ^W*™™ chloride; amphoteric surfactants sS as sltoS 
midop opyl)d.methy.ammonio)-1 -propanesulfonic acid (CHAPS), 3-((3-cholamido P ro P yO-dimethylammonloS hv- 
doxy-1 -propanesulfonic acid (CHAPSO), palmitoylresorcin, dodecyl- P -alanine; and nonionic surfactanTsuch as octll 
TTT T ! hi ° 9, ; C0Side - he P tyl ' b ioglucoside, decanoy.-N-methyl g.ucamide (MEGA-10) ^ p^eSene^ 
decyl ether (Bnj, Lubrol), polyoxyethylene isooctyl phenyl ether (Triton X), polyoxyethylene nony phenyl Sr Nonidet 
ron^i T" i' P0, y° x y eth y ,ene fa «y acid ^ (Span) and polyoxyethylene sorbitol esters fTween? 

SS Jf" t r 1 !" 1 ^ 6 State ° f ,hS Pi9ment in the ac * ueous medium - a P^er co-solvent may be 

added so far as ,t ,s the k.nd and concentration not inhibiting the subsequent steps, and beskJes the kind and concen 

o?mo n re n :l; I H ? °" r **H J *" C ° ,0rin9 C ° mP ° Siti ° n to the ^ As the co-so" ent one 

or more selected from linear hydrocarbons such as hexane; monohydric alcohols such as methanol and ethanof cot 

St' 3 t C h f "T- 38 "ST* deHVatiVeS SUCh 35 f3tty aCid ethers and ca *-y'- -ters may be used ' 
[0068] The step of immobilizing the PHA synthase can be performed by adding the PHA synthase to th P ninmont 
dispersion prepared above to subject it to an immobilizing treatment. The" immobilLin^ iZZTZ^oZZ 

and bf a lrj he rT e ^ m0bilizin9 me,hods usua "y P arf — ad - far as it can retain the alTty of the enzym^ 
and be applied to the des.red pigment. Examples thereof include covalent bonding method, ionic adsorption method 
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hydrophobic adsorption method, physical adsorption method, affinity adsorption method, crosslinking method and lat- 
tice-type entrapping method. In particular, immobilizing methods utilizing ionic adsorption or hydrophobic adsorption 
are convenient. 

[0069] Enzyme proteins such as PHAsynthases are polypeptides to which a large number of amino acids are bonded, 
5 exhibit a nature as an ionic adsorbent owing to amino acids having a free ionic group, such as lysine, histidine, arginine, 

asparagic acid and glutamic acid and/or have a nature as an hydrophobic adsorbent owing to amino acids having a 

free hydrophobic group, such as alanine, valine, leucine, isoleucine, methionine, tryptophan, phenylalanine and proline 

or in that they are organic polymers. Accordingly, they can be caused to be adsorbed on pigments having ionicity, 

hydrophobicity or both ionicity and hydro phobicity. 
10 [0070] In the method of immobilizing the PHA synthase mainly by the ionic adsorption method, it is only necessary 

to use a pigment developing an ionic functional group on its surface, and there can be used, for example, an inorganic 

pigment comprising a clay mineral or metal oxide as a main component. 

[0071] In the method of immobilizing the PHA synthase mainly by the hydrophobic adsorption method, it is only 
necessary to use a pigment the surface of which is nonpolar, and there can be used, for example, an organic pigment 
15 such as an azo pigment having a plurality of aromatic rings, or a fused polycyclic phthalocyanine pigment or anthraqui- 
none pigment, or an inorganic pigment composed of carbon crystals, such as carbon black. 

[0072] The immobilization of the PHA synthase on the PHA synthase by the ionic adsorption method or hydrophobic 
adsorption method is achieved by mixing the pigment and the PHA synthase in a prescribed aqueous medium so as 
to give a predetermined concentration. At this time, it is desirable to moderately shake or stir a reaction vessel in such 

20 a manner that the enzyme is uniformly adsorbed on the surface of the pigment. 

[0073] Since the polarity and quantity of surface charge and the hydrophobicity of the pigment and PHA synthase 
are changed by the pH and salt concentration of the aqueous medium in which the pigment and enzyme are mixed in 
the above immobilizing treatment, the composition of the aqueous medium is desirably adjusted in view of this matter. 
In the case of a pigment mainly having ionic adsorptivity, the quantity of charge contributing to the adsorption between 

25 the pigment and the PHA synthase can be increased by lowering the salt concentration. Opposite charges of both can 
be increased by changing the pH. In the case of a pigment mainly having hydrophobic adsorptivity, the hydrophobicity 
of both can be increased by raising the salt concentration. A composition suitable for the adsorption may also be preset 
by measuring electrophoresis, angle of wetting, or the like in advance to determine the charged states of the pigment 
and PHA synthase. Further, the composition may also be determined by directly measuring an adsorption between 

30 the pigment and the PHA synthase. The measurement of the adsorption may be conducted by, for example, a method 
in which a solution of the PHA synthase, the concentration of which has been already known, is added to a dispersion 
of the pigment, an adsorbing treatment is conducted, and an amount of the enzyme adsorbed is then determined by 
subtraction. 

[0074] In the case of a pigment hard to immobilize the enzyme by the ionic adsorption method or hydrophobic ad- 
35 sorption method, the immobilization by the covalent bonding method may also be used by performing a treatment 
taking the complication of the operation 

and the possibility of deactivating the enzyme into consideration as needed. Examples of such a process include a 
process in which a pigment having an aromatic amino group is diazotized, and the enzyme is bonded to this pigment 
by diazo coupling, a process of forming a peptide bond between a pigment having a carboxyl group and an amino 

40 group and the enzyme, a process of conducting alkylation between a pigment having a halogeno group and an amino 
group or the like of the enzyme, a process of crosslinking between an amino group of the solid particles and an amino 
group of the enzyme, a process of reacting a pigment having a carboxyl group and an amino group with the enzyme 
in the presence of a compound having an aldehyde group or ketone group and an isocyanide compound, and a process 
of conducting an exchange reaction between a pigment having a disulfide group and a thiol group of the enzyme. 

45 [0075] The enzyme may be Immobilized on a pigment, into which a ligand has been introduced, by the affinity ad- 
sorption. As the ligand in this case, any ligand may be selected so far as it permits the affinity adsorption while retaining 
the enzymatic activity of the PHA synthase. The enzyme may also be immobilized by bonding another biopolymer such 
as a protein to the PHA synthase and subjecting the bonded biopolymer to affinity adsorption. The bonding between 
the PHA synthase and the biopolymer may be performed either by gene recombination or the like or chemically. For 

50 example, as will be described subsequently in Examples, glutathione-S-transferase is fused with the PHA synthase 
by transformation, and the fused protein is bonded to Sepharose, into which glutathione as a ligand for the glutathione- 
s-transferase has been introduced, by affinity adsorption, whereby the enzyme can be immobilized. 
[0076] A polyhydroxyalkanoate synthase can also be immobilized on the surface of a pigment by fusing a peptide 
containing an amino acid sequence having the bonding ability to the pigment with the polyhydroxyalkanoate synthase 

55 to manifest it on the basis of the bonding property between a peptide moiety of the amino acid sequence having the 
bonding ability to the pigment and the pigment. 

[0077] The amino acid sequence having the bonding ability to the pigment can be determined by, for example, screen- 
ing of a random peptide library. In particular, a phage display peptide library prepared by linking a random synthetic 
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gene to, for example, an N-terminal side gene of a surface protein (for example, gene III protein) of an M13 phage 
may be preferably used. In this case, however, the determination of the amino acid sequence having the bonding ability 
™1 n ' S h COnduCted by the lowing Procedures. Namely, the phage display peptide library is added to and 
SSS wrth the p lg ment, and a bonded phage and unbonded phage are then separated from each other. The 

E il n P ?<f 1 ! 6d ° Ut Wi,h an add ° r the like - neutral * ad with a buffer and then infected with Es- 
chencha colno amplify the phage. This sorting is repeated several times, thereby concentrating a plurality of clones 
having the bonding abihty to the intended pigment. In order to obtain a monoclone, colonies are prepared on a ledum 
plate m a state infected with Escherichia co,i again. After the respective monocolonies are cultured in alqu d medium 
a phage present ,n a supernatant of the medium is purified by precipitation, and a base sequence thereof is analyzed' 
whereby the structure of the peptide can be known. analyzed, 

S. 0 ^fLH T nl amin ° ac ; d ,. se ^ en , ce of the P e P tide havi "9 ^e bonding ability to the pigment obtained by the above- 
tech ?n> JT >TT d ^ USm9 ]t ^ the P^hydroxyalkanoate synthase using ordinary gene engineering 

C tS af on h ?n 9 T ^ aV ' n ^ the b ° ndin9 ab " ity 10 ,he Pigment Can be manifested b V linkin 9 « ^ N-terminal or 
C-term.nal of the polyhydroxyalkanoate synthase. It can also be manifested by inserting a proper spacer sequence 
As the spacer sequence, are preferred about 3 to about 400 amino acids, and the spacer sequence may also include 
any amino acids^Most preferably, the spacer sequence does not interfere with the functioning of thT PH IA synthase 
and with the bonding of the PHA synthase to the pigment. synmase 

m«h 9 1 7^ ^^1^ bV the above - described P^oess, on which the enzyme has been immobilized, may be 

used as it is, and may also be used after subjecting to lyophilizalion or the like 

[0080] When an amount of the PHA synthase that the amount of the CoA released in the reaction, by which the PHA 
TfT ' P0lymeri2ati0n of the 3-hydroxyacyl CoA, is 1 R mo. per minute is regarded as 1 unit (U) the 
amount of the enzyme immob.lized on the pigment is preferably set within a range of from 10 units (U) to 1 000 units 
(U), de S1 rably from 50 units (U) to 500 units (U) per gram of the pigment 

1 <7 he time reqUired f ° r the immobilizin 9 treatment of the enzyme is desirably 1 minute to 24 hours more de- 

ZTJ^r:: to 1 hour Excess ieaving at rest ° r standing is not ***** « ^ 

and towering of the enzyme are incurred. w » k a 

ESS JvnZ^l T V ^ imm0bi,ized on the ^ruent by omitting last step of dispersing the pigment and directly 
adding the p gment before d,spers,ng ,n the aqueous medium to the enzyme solution to conduct dispersion in the 
enzyme solution. In this case, the dispersion of the pigment in the aqueous medium is facilitated by virtue of electric 

makinTr rt T° hi ; dran f bV ionicfunctional ^ ° wnad »*» enzyme immobilized on the^ent theSby 
making the addition of a surfactant to the aqueous medium unnecessary or reducing the amount thereof. 
[0083] The step of adding the 3-hydroxyacyl CoA as a substrate is achieved by adding a stock solution of the 3-hv- 
droxyacyl CoA separately provided to the aqueous dispersion of the enzyme-immobilized pigment obtained I in last step 
so as to achieve the intended concentration. The 3-hydroxyacyl CoA as a substrate is added at the final concenSa, on 
of generally 0.1 mM to 1 .0 M, desirably 0.2 mM to 0.2 M, more desirably 0.2 mM to 1 0 mM concentration 

2I2?i„ !h SteP ' t the com P° sitions such as the ki " d a " d concentration of the 3-hydroxyacyl CoA as a sub- 

strate in he aqueous reaction mixture are changed with time, whereby the monomer unit composition of the PHA 

r^" 9 1' 8 P ! 9ment ° an bS Changed in a direction from the insida °< the pigment toward the outside 
[0085] As a form of the pigment changed in the monomer unit composition of the PHA, may be mentioned for ex- 
ample, a form that the pigment is covered with a layer of the PHA. in which a compositional change! e PHA m s 

towlrnr 3 ? I" C r P °?° nal 9radient iS f ° rmed iP 3 direCti ° n from the inside ° f the microencapsulated pigme t 
towardtheouts.de Itmaybe prepared in accordance with, for example, a process in which a 3-hydroxyacyl CoA havfnq 
a different composition is added into a reaction mixture while synthesizing the PHA 

[0086] As another form, may be mentioned a form that the pigment is covered in the form of a multilayer with PHAs 
different ,n composition, in which a compositional change in the PHA film is stepwise. It may be prepared In accordance 
with, for example, a process in which a PHA is synthesized in a certain 3-hydroxyacyl CoA composition Tp gment 
during preparation ,s then recovered once from the reaction mixture by centrifugation or the like a reaction Sure 
different in 3-hydroxyacyl CoA composition from the first reaction mixture is added to this pigment again 
[0087] The step of performing the PHA synthesis reaction is performed bv adiustina the compost * reao tion 

S U 1T T ° T? 3 COmp0Si,i ° n Capab ' e ° f CaUSin9 the aCtiVity ° f ,he PHA s y nthase wh en the composition is not 
adjusted up to last step ,n order to provide a microencapsulated pigment of a desired form according to a PHA to be 
synthesized, and controlling the reaction temperature and time. 

l ^n\J,n^ nCent TT ° f 8 bUffSr in thS feaCti0n S0 ' Uti0n ° apable ° f causin 9 the ac tMty of the PHA synthase may 
be an o dinary concentration, i.e., a concentration ranging from 5 mM to 1 .0 M, preferably from 1 0 to 200 mM The pH 
,s adjusted so as to be 5.5 to 9.0, preferably 7.0 to 8.5. However, the conditions may be set outside the above range 
according to the optimum pH and pH stability of the PHA synthase used 9 

i^ 9 LtT he / ea =l°^ temper ^ re iS SUitab ' y SSt aCCOrdi " 9 ,0 the Ponies of the PHA synthase used, but it is gen- 
erally set to 4 to 50°C, preferably 20 to 40°C. However, the conditions may be set outside the above range according 
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to the optimum temperature and heat resistance of the PHA synthase used. 

[0090] The reaction time is suitably selected and set from a range of generally from 1 minute to 24 hours, preferably 
from 30 minutes to 3 hours though it varies according to the stability and the like of the PHA synthase used. 
[0091] Although the microencapsulated pigment is obtained by this step, the monomer unit structure of the PHA 
5 forming the microcapsule thereof can be determined by using a compositional analysis by gas chromatography or the 
like, or a time of flight secondary ion mass spectrometer (TOF-SIMS) and ion sputtering technique after extracting the 
PHA from the microencapsulated pigment with chloroform. 

[0092] No particular limitation is imposed on the molecular weight of the PHA. However, the number average mo- 
lecular weight thereof is desirably within a range of from 1,000 to 10,000,000, more preferably from 10,000 to 
10 10,000,000 in order to retain the strength of the microencapsulated pigment and the resulting colored layer and to 
develop the glass transition temperature which will be described subsequently. The molecular weight of the PHA may 
be:determined by GPC (gel permeation chromatography) after extracting the PHA from the microencapsulated pigment 
with chloroform. 

[0093] Since the PHA can be directly applied to cover the pigment in the preparation process of the microencapsu- 
15 lated pigment according to the present invention, the density of the pigment in the microencapsulated pigment can be 
raised. In order to improve the dispersibility and mechanical strength of the microencapsulated pigment on the other 
hand, however, it is required to increase the covering amount of the PHA. As a result, the covering amount of the PHA 
is determined to be within a range of from 1 to 30% by mass, preferably from 1 to 20% by mass, more preferably from 
1 to 15% by mass in terms of a compositional ratio by mass to the pigment. 
20 [0094] The particle diameter of the microencapsulated pigment obtained through the above-described steps is gen- 
erally 1 fim or smaller, preferably 0.7 u.m or smaller, more preferably 0.01 to 0.4 um. The particle diameter of the 
microencapsulated pigment can be measured by the already known method such as absorptometery, static light scat- 
tering method, dynamic light scattering method or centrifugal sedimentation method. For example, a particle diameter 
measuring device such as Coulter Counter Multisizer may be used. 
25 [0095] The microencapsulated pigment obtained by this step may be subjected to various secondary processing or 
treatments such as chemical modification before use. 

[0096] For example, chemical modification is applied to the PHA in the skin layer of the pigment, whereby a micro- 
encapsulated pigment having more useful functions and properties can be provided. For example, a graft chain is 
introduced, whereby a microencapsulated pigment having various properties attributable to the graft chain can be 
30 provided. For example, polysiloxane, which will be described subsequently, is introduced as the graft chain, whereby 
a microencapsulated pigment improved in mechanical strength, dispersibility, weather resistance, water repellency 
(resistance), heat resistance, etc. can be provided. The PHA in the skin layer of the microencapsulated pigment is 
crosslinked, whereby the mechanical strength, chemical resistance, heat resistance, etc. of such a microencapsulated 
pigment can be improved. 

35 [0097] No particular limitation is imposed on the method of the chemical modification so far as it is a method that 
satisfies the object of achieving the desired functions and structure. As a proper method, may be used, for example, 
a method in which a PHA having a reactive functional group at its side chain is synthesized, and a chemical reaction 
of the functional group is utilized to conduct chemical modification. 

[0098] No particular limitation is imposed on the kind of the reactive functional group so far as it satisfies the object 
40 of achieving the desired functions and structure. For example, an epoxy group may be mentioned. A PHA having an 
epoxy group at its side chain can be subjected to chemical conversion like ordinary polymers having an epoxy group. 
More specifically, for example, it can be converted to a hydroxyl group, or a sulfone group can be introduced. In addition , 
a compound having a thiol or amine may also be added. For example, a compound having a reactive functional group 
at its terminal, specifically a compound having an amino group high in reactivity to the epoxy group at the terminal is 
45 added and reacted, whereby a graft chain of the polymer is formed. 

[0099] As examples of the compound having an amino group at the terminal, may be mentioned polyvinylamine, 
polyethylene-imine and amino-modified polymers such as amino-modified polysiloxane (amino-modified silicone oil). 
Of these, as the amino-modified polysiloxane, may be used commercially available silicone oil. Further, it may be 
synthesized for use in accordance with the process described in J. Amer. Chem. Soc, 78, 2278 (1 956). The addition 
50 of the graft chain of the polymer is expected to bring about effects such as improvements in mechanical strength, 
dispersibility, weather resistance, water repellency (resistance), heat resistance, etc. 

[0100] As another example of the chemical conversion of the polymer having the epoxy group, may be mentioned 
a crosslinking reaction by using a diamine compound such as hexamethylene diamine, succinic anhydride, 2-ethyl- 
4-methylimidazole, or the like, and as an example of physicochemical conversion, may be mentioned a crosslinking 
55 reaction by electron beam irradiation. Of these, a reaction of a PHA having an epoxy group at its side chain with 
hexamethylene diamine is caused to progress in such a form as shown in the following scheme to form a crosslinked 
polymer. 



19 



BNSDOCID: <EP 1262229A1_I_> 



EP 1 262 229 A1 



H 



20 



25 



30 



40 



45 



2R-C-CH, + H jN -(CH j)r -NH ? . R-CH-CH rN H-(CHp,-NH-CH r CH-R 
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[01 k°1 3 S ^? e I 9 microenca P sulate d Pigment according to the present invention has a feature that the piqment densitv 
.s h.gh and ,t . f.ne as described above, the use of a coloring composition containing the JSS^SZSSSi 
is mTJ T m ' mageS 9 °° d ,rans P arenc y a " d coloring property and excellent in contrast P 9 

[0102 The step of processing the microencapsulated pigment into a coloring composition is performed bv addina 
the microencapsulated pigment obtained in last step to an aqueous medium o?oily medium urther Sg a photo 
sens. ,ve res.n, photopolymerizable monomer, photo-induced polymerization initiator, thermosetting rest hlmoplas 
ponTnts. " ymenC C ° mP0Und ' 6tC - aCC ° rdin9 1 ° V8ri0US Pr ° dUCti0n pr0C6SSeS ° f 3 co,or filter a " d suTh com 

fs !ipophilL hiS ^ 09,1 ^ diStin9UiShed by a case where tne c °'°™9 composttion is hydrophilic and a case where i, 
[0104] In the case of the hydrophilic coloring composition, the microencapsulated pigment may be used as it is 
dispersed ,n the react.on mixture in last step. Attentively, as described below, it may be used b recover^ ft from 
the reac ,on mature, washing it in some cases, and then dispersing it in an aqueous medium of the nTende colonna 
mXd 3 '!^ eXa t mP 'f; t the micr0enca P- lated P^ment is recovered from the reaction mixture SCSS^S 

^^C^5£r" fi,tra,ion or centri,U9ation - and dispersed in water or a - a « ueous soi= 

[0105] In the present invention, the microencapsulated pigment can be self-dispersed in an aqueous medium bv 
se.ect.ng a hydroph.hc PHA as the PHA making up the microcapsules, and the addLn of a surfacJan, to the aquToSs 
medKim ,s unnecessary, or the amount of the surfactant added can be reduced. In order to aid the dispersion of the 
microencapsulated p.gment in the aqueous medium, however, surfactants, protective colloid wate SSe omante 

™w T V aq " eous , medium ' ma V be used water or a mixture of water and a water-soluble organic solvent A 
™ VT* * C0 ' 0rm9 com P° sition can be controlled to, for example, 20 to 95% by mass 
LmZerica^d 0 "nST ^ * * ^ hydr ° Phi ' iC M » C ^'^ ™* ba «* of anionic, cationic. 

hTrS? H EXa H mP ' e ! 0f an i onic su rf a ^tant include fatty acid salts such as sodium stearate, potassium oleate and semi- 
hardened sodium beef tallow fatty acid; alkylsulfate salts such as sodium dodecylsulfate, tri( 2 -hyd^M)OTmo n rm 
dodecylsu.fate and sodium octadecylsulfate; benzenesu.fonates such as sodium nonylbenLnesuSe sTum do 
S e on e atos U,f0nate ' S ° diUm octadac V.benzene-su,fonate and sodium dodecy, diph'eny, ether SSi^Z 

S S^ S °f Um H d ° de ! y J n ! Phthalene " SUlf0nateand na P h thalenesulfonic acid-fomialin condensates- sulfosuccinate 
salts such as sod.um didodecyl sulfosuccinate and sodium dioctadecyl sulfosuccinate; polyoxyethylene sulfate sate 
such as sod.um polyoxyethylene dodecyl ether sulfate, tri(2-hydroxyethyl)ammonium po.yoxyXy.en^ ^dodecytether 
sulfate sodium polyoxyethylene octadecyl ether sulfate, sodium polyoxyethylene dodecyl p eny tfher suS and 
*„ PH ° SPhate Sa ' tS SUCh 38 P° tassiu ™ dodecylphosphate and sodium octadecy.phosphate ' 
" »min C t XampieS . ° f Cationic su ^tants include alkylamine salts such as ammonium octadecylacetate and coconut 
ZiTSTT JTT B Z amm0nium salts such « dodecyltrimethylammonium chloride, octadecyt- trimethyZ 
TarZot % T > ^ dlmeth >" am ™" ium blonde and dodecy.benzy.dimethy.ammon urn chloride ExampTs 

atdXX" 

55 l °] 1 01 t ! X ? mPl ! S ° f n ° ni0niC surfaotants indude Polyoxyethylene alkyl ethers such as polyoxyethylene dodecvl ether 
po.yoxyethy.ene hexadecyl ether, polyoxyethylene octadecyl ether and polyoxyethylene ^Z^enyTetZ^V 
Ztl^Zr " 6 T " P°'^ eth y |ene «** Pb^yl ether and polyoxyethylene nony. phe jShlr ox im e 
polymers such as polyethylene ox.de and copoly(ethylene oxide-propylene oxide); sorbitan fatty acid es e^ such as 
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sorbitan dodecanoate, sorbitan hexadecanoate, sorbitan octadecanoate, sorbitan 9-octadecenate, sorbitan tri-9-octa- 
decenate, polyoxyethylene sorbitan dodecanoate, polyoxyethylene sorbitan hexadecanoate, polyoxyethylene sorbitan 
octadecanoate, polyoxyethylene sorbitan trioctadecanoate, polyoxyethylene sorbitan 9-octadecenate and polyoxyeth- 
ylene sorbitan tri-9-octadecenate; sorbitol fatty acid esters such as polyoxyethylene sorbitol tetra-9-octadecenate; and 
s glycerol fatty acid esters such as glyceryl octadecanoate and glyceryl 9-octadecenate. Among these nonionic sur- 
factants, those having an HLB of 14 or higher are particularly preferred. These surfactants may be used either singly 
or in any combination thereof. No particular limitation is imposed on the amount used. However, it is desirably as little 
as possible, for example, at most 10% by mass based on the microencapsulated pigment. 

[0111] Specific examples of protective colloid which may be added to the hydrophilic coloring composition include 

10 natural proteins such as glue, gelatin, casein, albumin, gum arabic and fish glue; and synthetic polymers such as alginic 
acid, methyl cellulose, carboxymethyl cellulose, polyethylene oxide, hydroxyethyl cellulose, polyvinyl alcohol, polyacr- 
ylamide, aromatic amides, polyacrylic acid, polyvinyl ether, polyvinyl pyrrolidone, acrylics and polyester. The protective 
colloids are used either singly or in combination of two or more thereof as needed for the purpose of adjusting fixing 
ability and viscosity and enhancing quick drying property. Its content in the hydrophilic coloring composition is preferably 

15 30% by mass or lower, particularly preferably 20% by mass or lower. 

[0112] Specific examples of water-soluble organic solvents which maybe added to the hydrophilic coloring compo- 
sition include alcohols such as methyl alcohol, ethyl alcohol, n-butyJ alcohol, isobutyl alcohol, tert-butyl alcohol, n-propyl 
alcohol and isopropyl alcohol; amides such as dimethylformamide and dimethylacetamide; ketones such as acetone 
and methyl ethyl ketone; ethers such as tetrahydrofuran, dioxane, ethylene glycol methyl ether, ethylene glycol ethyl 

20 ether, diethylene glycol methyl ether, diethylene glycol ethyl ether, triethylene glycol monomethyl ether and triethylene 
glycol monoethyl ether; polyhydric alcohols such as ethylene glycol, propylene glycol, butylene glycol, triethylene glycol, 
1 ,2,6-hexanetriol, thiodigiycol, diethylene glycol, polyethylene glycol, polypropylene glycol and glycerol; N-methyl-pyr- 
rolidone; and 1 ,3-dimethyl-2-imidazolidinone. These solvents may be used either singly or in any combination thereof. 
The content of the water-soluble organic solvents is preferably 95% by mass or lower, particularly preferably 80% by 

25 mass or lower. 

[0113] In the case where the microencapsulated pigment is used as a lipophilic coloring composition, the microen- 
capsulated pigment is recovered from the reaction mixture in last step by the publicly known method such as suction 
filtration, pressure filtration or centrifugation and washed as needed, and solvent replacement by a lipophilic solvent 
used is conducted repeatedly after drying this microencapsulated pigment or without drying it, thereby dispersing the 

30 microencapsulated pigment in the lipophilic solvent. 

[0114] As the lipophilic solvent in which the pigment is dispersed, any solvent may be used so far as it has low 
dissolving power to PHA and can stably disperse the pigment therein. For example, one or more selected from linear 
aliphatic hydrocarbons such as hexane, monohydric alcohols such as methanol and ethanol, polyhydric alcohols such 
as glycerol, and derivatives such as fatty acid ethers and carboxylic esters may be used. 

35 [0115] As the photosensitive resin, any of the conventionally known photosensitive resins may be used, and exam- 
ples thereof include resins obtained by introducing a photo-crosslinkable group derived from a compound having a 
reactive unsaturated bond, such as a (meth)acrylic compound, cinnamic compound or vinyl ester compound in a linear 
polymer having a reactive substituent group such as a hydroxyl group, carboxyl group or amino group through an 
isocyanate group, aldehyde group, epoxy group or the like as needed. Further, linear polymers containing an acid 

40 anhydride in their structure units, such as styrene/maleic anhydride copolymers and oc-olefin/maleic anhydride copol- 
ymers, and those half-esterified by a (meth)acryiic compound having a hydroxyl group, such as a hydroxyalkyl (meth) 
acrylate may also be used as the photosensitive resins. These resins may be used either singly or in combination of 
two or more thereof as needed. The photosensitive resins are used within a range of generally from 5 to 90% by mass, 
preferably from 20 to 70% by mass based on the total solids in the coloring composition, 

45 [0116] Examples of the photopolymerizable monomer include monofunctional monomers such as nonylphenylcar- 
bitol acrylate, 2-hydroxy-3-phenoxypropyl acrylate, 2-ethylhexylcarbitol acrylate, 2-hydroxyethyl acrylate and N-vi- 
nylpyrrolidone; difunctional monomers such as tripropylene glycol diacrylate, triethylene glycol diacrylate, tetraethylene 
glycol diacrylate, polyethylene glycol diacrylate and bisphenol A diacrylate; Afunctional monomers such as trimethyl- 
olpropane triacrylate and pentaerythritol triacrylate, and other polyfunctional monomers such as dipentaerythritol pen- 

50 taacrylate and dipentaerythritol hexaacrylate. These photopolymerizable monomers may be used in combination of 
two or more as needed. The photopolymerizable monomers are used within a range of generally from 5 to 90% by 
mass, preferably from 20 to 70% by mass based on the total solids in the coloring composition, 
[0117] Examples of the photo-induced polymerization initiator include benzoin and alkyl ethers thereof, acetophe- 
nones, thioxanthones, ketals, benzophenones, anthraquinones, xanthones, triazines, and hexaarylbisimidazole com- 

55 pounds. These photo-induced polymerization initiators may be used in combination of two or more. The photo-induced 
polymerization initiators are used within a range of generally from 0.2 to 30% by mass, preferably from 2 to 20% by 
mass based on the total mass of the binder resin and the photopolymerizable monomer. 

[0118] As the thermosetting resin, any conventionally known resin maybe used. Examples thereof include urethane, 



21 



BNSDOCID: <EP 1262229A1_I_> 



EP 1 262 229 A1 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



acrylic, polyimide, alkyd, epoxy, unsaturated polyester, melamlne and phenol resins 

iSSS!^r IUde "** Viny ' Ch ' 0ride ' Viny ' Chl ° ride - Vinyl 

222 n „H°.h artiCU 'f r '! mitati ° n iS imP ° Sed ° n the maSS P r °P° rtion of *e microencapsulated pigment and the thermo- 
setting and thermoplastic resins in the coloring composition. In order to retain good adhesion between a colored Zr 
and a transparent substrate, however, the thermosetting and thermoplastic resins are preferab^ntaine n • a orl 

"° " ^ 80 * ™ *** * — ^ 1 °° ^ 5"^^ 

[0121] The polymeric compound is used for improving the strength and shelf stability of the colored laver and no 

w a Xf r i^ However ' il preferab,y has a nZT^V^Z 

Of SUCh a DoZll ic comnn, nH M ^ ran9 ' n9 3 '°°° t0 ' °°' 000 - N ° PartiCUlar ' imitali ° n iS im P°^d On the kind 

of such a polymeric compound. However, examples thereof include anionic group-containing materials such as oolv 
viny reams such as polyviny. chloride, polyvinyl acetate, polyvinyl alcoho, and polyvinyl buS^SSlSlS such 
h S ' nS andphthalic resins ' amin ° resins ^ ^ melamine resins, melamine^rma.dehyde resins aminoalkvo 
res.ns and urea res.ns, and thermoplastic, thermosetting or modified acrylic epoxy, polyurethane oo yeZ'r pTam de 
ZST P Phen °'' SiMCOne "-"-staining polymeric compounds, J^ 'oKl 

rat o omIT P C ° mp0unds may be used eith *r singly or in combination of two or more thereof TheToncen 

oatZ p " ym T IC COmpOUnd in the co,orina composition may be set according to the object of the MtortSJSl 

=ma S :=^ 

mlSJ ™e mixing of the above-described various mixtures into the aqueous or oily medium may be performed bv 
Aspersed ^ " ^ " 8 at a " lnton "* Hghter than tha < in — where'a pigment is 

to!h! nJ he t COnter ! t ° f microenca P sula ^d Pigment in the hydrophilic or lipophilic coloring composition according 
to the present mvention .s preferably 1 to 70% by mass, more preferably 5 to 50% by mass. according 

<Production process of color filter> 

LT 41 A f C °'° rfiltercan be P roduced by forming a transparent colored layer on a transparent substrate in accordance 

7exllV:7T mti l kn ° Wn Pr ° dUCti0n Pr ° CeSS6S ° f 8 C °' 0r fifter which wi » be ascribe?! ubs ruenTy by 
way of examples, and laminating a protective layer in some cases H y y 

[01 25] A pigment dispersing process is, for example, a process for producing a color filter in which a process com 
pnsing coatmg a substrate with a coloring composition containing a photosensitive resin ^SSiKSS fayer 
to patterning exposure to light to photo-cure the layer, and lastly removing an unexposed portion of the coaSno film 

Tes^Te^^^ 

th dot pa ir or s,ripe pattern is brought int ° c,ose c ° ntact - th cSsn rjstsijjssss 

through this mask by means of a light source such as a xenon lamp, metal halide lamp or ultrahigh ^u^Te^ 
[0128] An electrodeposition process is, for example, a process for producing a color filter in which colorina comoo 

TZ«°7 ^ h T P °f " COmainin9 an i0niC P °' ymer are SGparat ' ly ioni2ed in wate "to tfssSte SSS 
Sfns th ZSZTf? 1 ? ^ idS ^ " e,eCtr0Chemical| y P^emed for R, G and B with the co.o ing compo 
I ri n '«» transparant a,ectrode ,s shortcirculted by a conductive paste to electrica.ly deposit a color heating and 
oeZTd? t ,° P ° Sit 3 C ° atin9 fHm ' thS fi ' m iS dri6d f0r a short Period of time, and thte process is relatedly 
L hvdLmn ab ° Ve f COl ° nn 9 c ^Pes'ti°n, a hydrophi.ic coloring composition is used, and a hydroph Ife curin agent 
Lation'afneTde? ^ * ^ * * h «° M ™ resin and other addrtives may be added eithe'r singly or in com- 

u° s lrf 01 At Ih microen ° a P sulated P^ent ^ed in the electrodeposition process, an anionic PHA may be preferably 
wit S ' ? deS J rab ' e that an add ° r base is added to the c °'°""9 composrtion to neutrafce the an on to 
~*ZZ~° " ^ PHA ' ther6by 6nhanCing ^ diSPerSibi,ity ° f ^ --encapsulated:^ 

Hm^T A hydr ° philic CUrin 9 a 9 ent ma V be contained in the coloring composition as needed. Examples of the hv- 
drophilic curing agent include hydrophilic melamine resins, urethane resins, hydrophilic polyamine an d hvd oohillc 

aaentinT 8 ' hydr ° Phi ' iC CUn ' n9 a96ntS ar& n0t M ^ proportion o1tZ ,yd ophTc Z i 1 

agent ,n the coloring composition may be an amount sufficient to achieve crosslink g density in the coating Sm and 
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a particularly preferred amount is at most 20% by mass. 

[0132] A printing process is, for example, a process for producing a color filter, in which coloring compositions of R, 
G and B colors, each comprising a thermosetting resin and a pigment dispersed therein, are separately applied by 
repeated printing, and the resin to become each colored layer is then thermoset. 
5 [0133] As the above coloring compositions, both hydrophilic and lipophilic coloring compositions may be used. 

[0134] As the method of thermosetting the coating film, any method conventionally used may be used so far as the 
microencapsulated pigment can be heated to a temperature fusion-bonded by heat. For example, a laser may be used. 
In this case, a semiconductor laser, carbon dioxide laser, YAG laser, excimer laser, argon laser or the like may be used 
as a source for laser beam. 

10 [0135] An ink-jet process is a process for producing a color filter, in which coloring compositions respectively con- 
taining three pigments of R (red), G (green) and B (blue) colors are ejected by an ink-jet system on a transparent 
substrate to dry the respective coloring compositions. In such an ink-jet system, individual pixels of R, G and B can be 
formed at once to simplify the production process to a great extent and reduce the cost to a great extent. As the coloring 
compositions, may be used hydrophilic coloring compositions. 

15 [0136] Besides, the coloring compositions according to the present invention may be suitably used in production 
processes of a color filter, such as spin coating process, roll coating process, dipping process, spraying process and 
electrophotographic process. 

[0137] In each of the above-described production processes of a color filter, when development by which non-fusion- 
bonded pigments are removed is required, water may be used as a developer, and an alkalifying agent, water-soluble 

20 organic solvent, surfactant and/or the like may be added to such a developer as needed. 

[0138] The thickness of the colored layer formed is within a range of from 0.1 to 1 0 fim, preferably from 0.1 to 1 \im. 
If the colored layer is thinner than the lower limit of the above range, sufficient spectral properties cannot be achieved. 
If the layer is thicker, a difference in level between a portion where the colored layer has been formed and a portion 
not formed becomes great, resulting in deterioration of image quality. 

25 [0139] As the transparent substrate on which the colored layer is formed, is used a substrate which is insoluble in 
the coloring compositions and flat, for example, transparent glass, a transparent resin film, a metal plate, a ceramic 
plate or a solid image pickup device which is a photoelectric converter. A black matrix may be provided on the substrate. 
[0140] The black matrix can be formed by plating of a metal composition such as metal chromium on a substrate, 
or a photoetching of a deposited layer. The black matrix can also be formed with a negative photosensitive resin 

30 composition containing a black pigment such as carbon black or triiron tetroxide. Further, it can also be formed by an 
offset printing process or silk screen printing process with a synthetic resin composition containing a black pigment. 
Water-repellent portions or walls for preventing color mixing may also be provided at a part of light-screening portions 
of the black matrix. 

[01 41 ] The colored layer may be provided directly on the substrate. However, a primer may also be provided between 
35 the colored layer and the substrate. The primer is provided for the purpose of effectively receiving inks and enhancing 
crusting property between a pigment particle layer and the substrate and is formed by a single layer or plural layers of 
a transparent organic thin film material. As transparent organic thin film materials having ink-receiving ability, are pre- 
ferred acrylic resins, epoxy resins and imide resins, and particularly cellulose derivatives such as hydroxypropyl cel- 
lulose, hydroxyethyl cellulose, methyl cellulose and carboxymethyl cellulose. In order to control the ink-receiving ability, 
40 some of the above-mentioned resins may be used as a blend. As a primer composed of an organic thin film material 
for enhancing the crusting property to the substrate, may be used a silane coupling agent or the like. The thickness of 
these primers is properly about 0.1 to 5 ujti though it varies depending on the kind of the organic thin film material and 
a layer structure. As a forming method thereof, may be used a method such as spin coating, roll coating, bar coating, 
spray coating or dip coating. 

45 [0142] Some transparent protective layer may also be provided on the colored layer formed. By this protective layer, 
the resistance to processing of the color filter, particularly, solvent resistance can be greatly improved. No particular 
limitation is imposed on the material for forming the protective layer so far as it is a material for protective film commonly 
used in color filters. Among others, a material of the acrylic or epoxy thermosetting type, or the photo-setting type is 
suitably used. Further, the substrate, on which the protective layer has been coated and formed, is baked by an oven, 

50 hot plate or the like to form a coating film. The thickness of the protective layer is properly about 0.1 to 1 0 urn though 
it varies according to the performance required. 

[0143] Figure illustrates a cross-sectional view of the basic construction of a color liquid crystal display device in 
which the color filter according to the present invention has been incorporated. In Figure, reference numeral 14 des- 
ignates a color filter, 1 a polarizing plate, 2 a transparent substrate such as glass, 3 a black matrix, 4 a primer, 5 a 
55 protective layer, 6 a common electrode, 7 an alignment film, 8 a liquid crystal compound, 9 an alignment film, 1 0 pixel 
electrodes, 11 a transparent substrate, 12 a polarizing plate, and 13 a back light. 

[0144] A liquid crystal display panel is generally formed by enclosing a liquid crystal compound in a space between 
a color filter and a substrate opposite thereto, which have been united to each other. As illustrated in Figure, on the 
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k rJnvln n ^ PP °H S ! ' rans P arent ? ixel electr ° des 1 0 are formed in the form of a matrix. The color filter 
IctroS, ? 3 manne ? f at COlored P° rtions ° f R - G a " d B colors are arranged at positions opposite to the pixel 
electrodes 10. The alignment films 7 and 9 are formed on the respective insides of both substrates. Liquid crystal 
molecules can be aligned or oriented in a fixed direction by subjecting these films to a rubbing treatment Polarizina 
5 plates are bonded to the outer surfaces of the respective substrates. The liquid crystal compound fs fiS i space 
between these substrates. As a back light, a combination of a fluorescent lamp and a scattering plate both notSlus 
rated) ,s generally used, and the liquid crystal compound is caused to function as an optical shutter for chanSq the 
transmittance of light 1 3 from the back light, thereby making a display. cnang.ng the 

» rn^tn^ntrd 

[0146] The present invention will hereinafter be described more specifically by the following Examples However 

orL^Z 9 r mp,eS t r e T P,eS ° f the beSt embodiments ° f *. present invention, and the teehnica scope of the 
presen mvention ,s not hmited to these examples. Incidentally, all designations of »%" as will be used in the follow no 
examples mean % by mass unless expressly noted. ronowing 
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REFERENTIAL EXAMPLE 1: 

Preparation of transformant having PHA synthase-producing ability: 



NiZi qlSufV^f n WM ° Vemight 81 3 °° C 1 00 ml of an LB medium < 1 % Polypeptone (product of 

Nippon Seqnku K.K.). 0.5% yeast extract (product of Difco Co.), 0.5% sodium chloride, P H: 7.4) chromosome DNA 

oosedbv f ^ T OVered ^u^ me,h ° d ° f MarmUr 6t aL The reSUft3nt «*romo.om. DNA wai compTeteTy decom 
posed by a restnot.cn enzyme Hmd III. P UC18 was used as a vector and cut by the restriction enzyme Hind III After 
the erm.nal was subjected to dephsphoryla.ion (Molecular Cloning, 1 , 572 (1 989); Cold Spring iWr Labored 
** Pubhsher) a DNA ligation kit Ver. II (product of Takara Shuzo Co., Ltd.) was used to link LZxlToiZleZ 
(cloning site) to the completely decomposed fragment of the chromosome DNA by Hind III 

SUfth chromosom * D A NA fragment-integrated plasmid vector was used to transform an Escherichia coH HB1 01 
stra.n, thereby prepare a DNA library of the YN2 strain. In orderto select a DNA fragment containing a PHA synthase 
gene of the YN2 strain, a probe for colony hybridization was then prepared. Oligonucleotide composed of base se 

^Tand 8 1 ^ SE ? '?h N N ° :2 ° f SEQUENCE USTING wa * -ynthesTzed (Amersham p'hanmac 
KX ) and th» ohgonucleot.de was used as a primer to perform PGR using the chromosome DNA as a template The 

available label enzyme system Alk Phos Direct (product of Amersham Pharmacia Biotech K.K.). The TesultanVlaSd 

f P rLm e h Wa h USed 10 seie «™? SCherlcMa C ° //Strain haVin9 3 rec °-«nant plasmid containing a PHA synthase ^ene 
from the chromosome DNA l.brary of the YN2 strain by the colony hybridization method. From the selected stSn the 

to be obtained. Thus-obtained gene DNA fragment was recombined to a vector pBBR122 (Mo Bi Tec) containing a 
wide host range replicating region belonging to none of IncP, IncQ and IncW, which are liJa^bWoCTXI 
TSTS P f mW ^ transformedto a Pseudomonas cichorii YN2ml strain (strain lacking in PHA Sesilfnq 

exhib co^ e mft r °Ti i0n TT- AS 3 reSUlt ' thS PHA -** °f the YN2ml sLn was reco ered o 

exhib.1 complemen anty Accordingly, ,t was confirmed that the selected gene DNA fragment contains a PHA synthase 
gene reg.on capable of translating to a PHA synthase in the Pseudomonas cichorii YN2ml strain 

ft°wr c on^rrf h t0 DNA ' ra9ment • thS baSe SeqUence Was dete ™ n * d * ^ Sanger's method. As a result 
•t was conf.rmed that base sequences set forth in SEQ ID NO:3 and NO:4, which encode peptide chains respectively 
are present ,n the determined base sequence. With respect to these PHA synthase genes PCR wTs perfo^edtv 
using the chromosome DNA as a template to prepare a PHA synthase gene of a complete length More specify 
an upstream-s.de primer (SEQ ID NO:5) and a downstream-side primer (SEQ ID NO:6)to the PHA synthase gene oi 

plerTsEQ S NQ^ tlT pha^ 'T^' " >™ ID NO:7) and a downstream side 

pnmer (SEQ ID NO 8) to the PHA synthase gene of the base sequence set forth in SEQ ID NO:4 were respectively 
syntnes,zea (Amersham Pharmacia Biotech K.K.). These primers were used to conduct PGR as to each'ofthVbase 

lTpcrWp roTcZrl Q ID ,r% and ,T' therebV amP "' fying ,he C ° mplete le " 9th ° f the PHA Synth- ge a e 
t 2f P Z ° C °" Ltd) - Afterthe resultant PCR amplified fragment and a manifestation vector 

p" S A 198 e 9 r vCo,d S T T'™ '"' SUbjeCt6d * ^^Lon (Molecular cToni g "o 

p. 572 (1989) Co d Spring Harbor Laboratory Publisher), the DNA ligation kit Ver. II (product of Takara Shuzo Co 
Ltd.) was used to link the DNA fragment containing the complete length of the PHA synthase gene, from which unnec- 
essary base sequences at both terminals were removed, to this cut site of the manifestation vector P Trc99A 
ELSfh ?■ C °''<" B1 ° 1 > P roduct ° f Takara Shuzo Co., Ltd.) was transformed with the resufant recombinant 
plasmids by the calcum chloride method. The resultant recombinants were cultured to amplify the recombinant plas 
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mids, thereby recovering the respective recombinant plasmides. The recombinant plasmid retaining the gene DNA of 
SEQ ID NO:3 and the recombinant plasmid retaining the gene DNA of SEQ ID NO:4 were regarded as pYN2-C1 and 
pYN2-C2, respectively. Escherichia co//(HB1 01fB, strain lacking in fadB) was transformed with pYN2-C1 and pYN2-C2 
by the calcium chloride method to obtain recombinant Escherichia coii strains, pYN2-C1 recombinant strain and 
5 pYN2-C2 recombinant strain retaining the respective recombinant plasmids. 

REFERENTIAL EXAMPLE 2: Production 1 of PHA synthase 

[0151] An oligonucleotide (SEQ ID NO:9) which become an upstream-side primer to pYN2-C1 and an oligonucleotide 

10 (SEQ ID NO:10) which become a downstream-side primer were respectively designed and synthesized (Amersham 
Pharmacia Biotech K.K.). These oligonucleotides were used as primers, and pYN-2-C1 was used as a template to 
conduct PCR, thereby amplifying a complete length of a PHA synthase gene having a BamH I restriction site at the 
upstream and an Xho I restriction site at the downstream (LA-PCR kit; product of Takara Shuzo Co., Ltd.). 
[0152] Similarly, an oligonucleotide (SEQ ID NO:11) which become an upstream-side primer to pYN2-C2 and an 

15 oligonucleotide (SEQ ID NO: 12) which become a downstream-side primer were respectively designed and synthesized 
(Amersham Pharmacia Biotech K.K.). These oligonucleotides were used as primers, and pYN-2-C2 was used as a 
template to conduct PCR, thereby amplifying a complete length of a PHA synthase gene having a BamH I restriction 
site at the upstream and an Xho I restriction site at the downstream (LA-PCR kit; product of Takara Shuzo Co., Ltd.). 
[0153] Purified respective PCR amplified products were digested with BamH I and Xho I to insert them into their 

20 corresponding sites of a plasmid pGEX-6P-1 (product of Amersham Pharmacia Biotech K.K.). These vectors were 
used to transform Escherichia coii (JM109) to obtain a strain for manifestation. The identification of the strain was 
conducted by a DNA fragment obtained by treating a plasmid DNA prepared in plenty using Miniprep (Wizard Minipreps 
DNA Purification System, product of PROMEGA Co.) with BamH I and Xho I. After the resultant strain was precultured 
overnight in 10 ml of an LB-Amp medium, a portion (0.1 ml) of the culture was added to 10 ml of an LB-Amp medium 

25 to conduct shaking culture at 37°C and 170 rpm for 3 hours. Thereafter, IPTG was added (final concentration: 1 mM) 
to continue the culture at 37°C for 4 to 12 hours. 

[0154] The IPTG-induced Escherichia coii was collected (8,000 x g, 2 minutes, 4°C) and resuspended at 4°C in a 
phosphate-buffered saline (PBS; 8 g of NaCI, 1 .44 g of Na 2 HP0 4 , 0.24 g of KH 2 P0 4 , 0.2 g of KCI, 1 ,000 ml of purified 
water) 1/10 as much as the Escherichia coii solution. The bacteria were broken by freeze-thaw and sonication, and 

30 solid impurities were removed by centrifugation (8,000 x g, 10 minutes, 4° C). After confirming the presence of the 
intended manifestation protein in a supernatant by SDS-PAGE, the induced and manifested GST-fused proteins were 
purified by glutathione Sepharose 4B (product of Amersham Pharmacia Biotech K.K.). The glutathione Sepharose 
used was subjected to a treatment for preventing non-specific adsorption in advance. More specifically, glutathione 
Sepharose was washed (8,000 x g, 1 minute, 4°C) three times with an equiamount of PBS, and an equiamount of 4% 

35 bovine serum albumin-containing PBS was added to conduct a treatment at 4° C for 1 hour. After the treatment, the 
glutathione Sepharose was washed twice with an equiamount of PBS and resuspended in PBS 1/2 as much as the 
glutathione Sepharose. The pretreated glutathione Sepharose (40 uJ) was added to a cell-free extract (1 ml), and the 
mixture was gently stirred at 4°C, thereby adsorbing the fused proteins GST-YN2-C1 and GST-YN2-C2 on the glu- 
tathione Sepharose. After the adsorption, the glutathione Sepharose was recovered by centrifugation (8,000 x g, 1 

40 minute, 4°C) and washed three times with PBS (400 uJ). Thereafter, 1 0 uJVI glutathione (40 uJ) was added, and stirring 
was conducted at 4°C for 1 hour to dissolve out the adsorbed fused proteins. After a supernatant was recovered by 
centrifugation (8,000 x g, 2 minutes, 4°C), it was dialyzed against PBS to purify the fused proteins. Single bonds were 
identified by SDS-PAGE. 

[01 55] After each GST-fused protein (500 u.g) was digested with PreScission protease (product of Amersham Phar- 
45 macia Biotech K.K.; 5 U), it was passed through glutathione Sepharose to remove the protease and GST. A flowthrough 
fraction was further subjected to a Sephadex G200 column equilibrated with PBS to obtain final purified products of 
the manifested proteins YN2-C1 and YN2-C2. Single bonds of 60.8 kDa and 61 .5 kDa were respectively identified by 
SDS-PAGE. 

[0156] The enzymes were concentrated with a bio-solution sample concentrating agent (MIZUBUTORIKUN AB- 
50 1100, trade name, product of Ato K.K.) to obtain purified protein solutions (10 U/ml). 

[0157] The enzymatic activity of each of the purified proteins was determined in accordance with the method de- 
scribed above. The concentration of the protein in a sample was measured by a Micro BCA protein determination 
reagent kit (product of Pierce Chemical Co.). The measured results of the activities of the purified enzymes are shown 
in Table 1. 

55 
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Activity 


Specific activity 




PYN2-C1 


2.1 U/mi 


4.1 U/mg of protein 




PYN2-C2 


1 .5 U/ml 


3.6 U/mg of protein 



REFERENTIAL EXAMPLE 3: 



Table 2 





Activity 


P91 strain 


0.1 U/ml 


H45 strain 


0.2 U/ml 


YN2 strain 


0.4 U/ml 


P161 strain 


0.2 U/ml 



REFERENTIAL EXAMPLE 4: Synthesis of 3-hydroxyacyl CoA 

buchll A (lV5; 3 Jo y u SS yl Synthesi2ed in the f °"™"9 mannerbased on Rehm BHA, KrugerN, Stein- 

the s r ■ h 9 WaS , PrOP T' y C ° ndUC,ed t0 analy2S the P r °9 ress of the rea ^n by HPLC. Sulfuric add al/d to 
the sampled reaction solution so as to give a concentration nf n noM t« *t~„ «, 

3-hydroxypimelic acid, which was a unrelated "substm t ^extracted 1112- reaCtl0 " / h - eafter - 
EXAMPLE 1: 

Production of color filter by electrodeposition: 
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synthase derived from a pYN2-C1 recombinant strain and 39 parts by mass of PBS. The mixture was gently shaken 
. at 30°C for 30 minutes lo cause the PHA synthase to be adsorbed on the surface of the pigment. This dispersion was 
centrifuged (10,000 x g, 4C°, 10 minutes), the resultant precipitate was suspended in PBS, and the suspension was 
centrifuged (10,000 x g, 4C°, 10 minutes) again to obtain an immobilized enzyme. 

5 [0165] The immobilized enzyme was suspended in 48 parts by mass of 0.1 M phosphate buffer (pH: 7.0), to which 
1 part by mass of (R)-3-hydroxypimelyl CoA (prepared in accordance with the process described in Eur. J. Biochem., 
250, 432-439 (1997)) and 0.1 parts by mass of bovine serum albumin (product of Sigma Co.) were added, and the 
mixture was gently shaken at 30°C for 2 hours. A microencapsulated pigment formed was recovered by centrifugation 
(10,000 x g, 4°C, 10 minutes), and 99 parts by mass of ion-exchanged water were added to 1 part by mass of the 

10 microencapsulated pigment to disperse the pigment by stirring (80 rpm) by a stirring blade. This dispersion was provided 
as a red coloring composition. 

[01.66] After a part of the microencapsulated pigment recovered previously was vacuum-dried, it was suspended in 
chloroform, the suspension was stirred at 60°C for 20 hours to extract PHA forming a shell. The extract was filtered 
through a membrane filter having a pore size of 0.45 ujti, concentrated under reduced pressure by a rotary evaporator, 

is then subjected to methanolysis in accordance with a method known per se in the art and analyzed by a gas chroma- 
tography-mass spectrometer (GC-MS, Shimadz QP-5050, El method) to identify a methyl-esterified product of a PHA 
monomer unit. As a result, it was identified that the PHA is a PHA derived from 3-hydroxypimelic acid. 
[0167] Further, the molecular weight of the PHA was evaluated by gel permeation chromatography (GPC; Tosoh 
HLC-8020, column: Polymer Laboratory PLgel MIXED-C (5 ujti), solvent: chloroform, column temperature: 40°C, in 

20 terms of polystyrene). As a result, Mn was found to be 60,000. 

[0168] The volume average particle diameter of the pigment before and after the microcapsulation was measured 
by means of a laser Doppler system particle size distribution measuring machine (UPA-150, manufactured by Nikkiso 
Co., Ltd.). As a result, it was found that the particle diameter before the microcapsulation was 0.104 ujti, while the 
particle diameter after the microcapsulation was 0.112 p,m, which is considered to be attributable to the fact that the 

25 pigment was covered with PHA. 

[0169] With respect to a green pigment (C.I. Pigment Green 36) and a blue pigment (C.I. Pigment Blue 60) in place 
of the red pigment in the above-described process, microencapsulated pigments were prepared similarly, and the 
microencapsulated pigments were respectively dispersed in ion-exchanged water to provide green and blue coloring 
compositions. 

30 [0170] A transparent electrode substrate obtained by patterning with ITO on a glass substrate, and a stainless steel 
substrate were immersed in the red coloring composition, a portion of the transparent electrode substrate, which was 
to be colored red, was connected to a positive pole, and the stainless steel substrate was provided as a negative pole 
to energize, thereby deposit a coating film on the transparent electrode. The electrodeposition conditions were as 
follows: 

35 

Voltage applied: 30 V, 

Coating temperature: 20°C, and 

Deposition time: 20 seconds. 

40 [0171] After completion of the electrodeposition, the glass substrate was washed with water, dried and then baked 
at 1 50°C to obtain a red color filter. Similarly, this process was repeated respectively using the green and blue coloring 
compositions to obtain a color filter in the form of a stripe of R, G and B. 

COMPARATIVE EXAMPLE 1: 

45 

[0172] A mixture having the following composition was dispersed and mixed for 2 hours by means of a bead mill. 



Acrylic resin 


1 .6 parts 


Melamine resin 


0.4 parts 


Red pigment, CI. Pigment Red 168 


1 part 


Ion-exchanged water 


7 parts. 



[0173] In this liquid mixture was mixed 90 parts of ion-exchanged water to prepare a red coloring composition. 
[0174] Similarly, a green coloring composition and a blue coloring composition were respectively prepared in the 
same manner as in the red coloring composition except that a green pigment (C.I. Pigment Green 36) and a blue 
pigment (C.I. Pigment Blue 60) were used respectively in place of the red pigment. 

[0175] A color filter in the form of a stripe of R, G and B was then obtained in the same manner as in EXAMPLE 1 
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except that the respective coloring compositions according to Comparative Example 1 were used. 
<Evaluatipn 1> 

ZltL for 30^ e i V r 96 PartiC ' e d 'T e, !, rS the V ° ,Ume 3Vera9e Partide diame,ers after stored * room tem- 
of SampTp i h r^lZ C Z? " Capsulated P^™" 18 in the r "Pective red, green and blue coloring compositions 
of EXAMPLE 1 and COMPARATIVE EXAMPLE 1 are shown in Table 3. The volume average particle diamete was 

by S crt^ 3 l3Ser D ° PPler SyStGm PartiC ' e Si2S diS,ribUti ° n mSaSUrin9 machine < U ™ " 15 ° 



Table 3 





Ex.1 (R/G/B) 


Comp. Ex.1 (R/G/B) 


Vol. avg. particle dia. (before storage) 


0.112/0.127/0.119 


0.128/0.148/0.125 


Vol. avg. particle dia. (after storage) 


0.116/0.125/0.121 


0.285/0.343/0.179 



, 9 ' r6Vealed that the V °' Ume avera9e P article diameter of th <* microencapsulated pigment in 
ITJ!, ET5 COmp0S ; tlOn 0f EXAMPLE 1 exhibits "imort the same value before and after the storage, and the micro- 
encapsulated p,gment is excellent in shelf stability. On the other hand, the volume average particle diameter afte Te 
IT 9 * °1 ?h m : Croenca P su,ated P*™* ^ each coloring composition of COMPARATIVE EXAMPLE wa greal 

T th aV6ra9e PartiC,e diam6ter ° f Pi9ment b6f0re the St0ra9e ' and 80 the shelf stabi rt^was no 
satisfactory to the microencapsulated pigment. »wumiy was noi 

[0178] With respectto thecolorfiltersof EXAMPLE 1 and COMPARATIVE EXAMPLE 1 , such evaluation as described 
below was made, and the results thereof are shown in Table 4. eva.uauon as described 

(1) Unevenness due to aggregation: 

An image of each of the color filters produced in EXAMPLE 1 and COMPARATIVE EXAMPLE 1 was observed 
by transmitted hght through a phase contrast microscope. oDserved 

(2) Adhesion of colored layer to substrate: 

Each of the color filters produced in EXAMPLE 1 and COMPARATIVE EXAMPLE 1 was evaluated bv a ores- 
sure cooker test under conditions of 125°C, 85% RH and 6 hours. evaluated by a pres 

(3) Transparency: 

The transparency of each of the color filters produced in EXAMPLE 1 and COMPARATIVE EXAMPLE 1 was 
evaluated by measuring its transmittance. The transmittances of the colored portions of R, G and B were respec- 

I to Ton" 8 WaVe,en9th 81 WhiCH thS maXimUm transmitta "~ was achieved within a range of from 400 
was found measurement was conducted as to 1 0 pixels of each of R. G and B, and an average thereof 

Organoleptic evaluation was also conducted by visual observation 

(4) Coloring property: 

The coloring properties of the color filters produced in EXAMPLE 1 and COMPARATIVE EXAMPLE 1 were 
organoleptically evaluated by visual observation. cAMivirLt i were 

(5) Contrast: 

Two polarizing plates were arranged in opposed relation to each other in such a manner optical axes can be 

th sSe th"! 3 C 7,r er ^ b6tWeen theSS POlariZin9 P ' ateS in COn,act with lhe PO'a" nTplates In 

SLC3LC1 EX4uf t ^ Irrad ' ate f d With 3 baCk ' ight b6am Using 3 back H 9 ht for *I"W c ^al display pane. 
(SLC3LC1 EX4UA, trade name, manufactured by Toshiba Lighting & Technology Corporation) The optical axes 

Sa mJE P ° T?" ST Chan96d l ° m6aSUre ' UminanceS (,ightness > ^ naturaUight when the op foal axes 
had in tersected at right angles and when the optical axes had become parallel by means of a color luminance 
meter ("Topcon" BM-5A), thereby calculating out a ratio between them as depolarization property 
Organoleptic evaluation was also conducted by visual observation. 



Table 4 





Ex.1 (R/G/B) 


Comp. Ex.1 (R/G/B) 


Unevenness due to aggregation 


Not occurred 


Somewhat occurred 


Adhesion 


Good 


Wrinkling 
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Table 4 (continued) 



10 



15 





Ex,1 (R/G/B) 


Comp. Ex.1 (R/G/B) 


Unevenness due to aggregation 


Not occurred 


Somewhat occurred 


Transparency 


92/78/78 : good 


80/68/66, somewhat poor 


Coloring property 


Good 


Somewhat poor 


Contrast 


1032, good 


875, somewhat poor 



As a result, it was revealed that the color filter according to EXAMPLE 1 is free of unevenness due to aggre- 
gation and exhibits good results in all the adhesion, transparency, coloring property and contrast and hence has 
excellent properties. On the other hand, these properties were not satisfactory to the color filter of COMPARATIVE 
EXAMPLE 1. 

EXAMPLE 2: 



Production of color filter by ink-jet system: 
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[0179] A red pigment (C.I. Pigment Red 1 68) was dispersed by a sand mill so as to give a particle diameter of 0.1 
u.m or smaller. To 1 part: by mass of this dispersion were added 1 0 parts by mass of a crude PHA synthase (10 U/ml) 
derived from an H45 strain and 39 parts by mass of PBS. The mixture was gently shaken at 30°C for 30 minutes to 
cause the PHA synthase to be adsorbed on the surface of the red pigment. This dispersion was centrifuged (10,000 
x g, 4°C, 10 minutes), the resultant precipitate was suspended in PBS, and the suspension was centrifuged (10,000 
x g, 4°C, 10 minutes) again to obtain an immobilized enzyme. 

[0180] The immobilized enzyme was suspended in 48 parts by mass of 0,1 M phosphate buffer (pH: 7.0), to which 
1 part by mass of (R)-3-hydroxypimelyl CoA (prepared in accordance with the process described in Eur. J. Biochem., 
250, 432-439 (1997)) and 0.1 parts by mass of bovine serum albumin (product of Sigma Co.) were added, and the 
mixture was gently shaken at 30°C for 2 hours. A red microencapsulated pigment: formed was recovered by centrifu- 
gation (10,000 x g, 4C°, 10 minutes), and 10 parts by mass of ethylene glycol, 15 parts by mass of diethylene glycol, 
0.6 parts by mass of a monoethanolamine salt of a styrene-maleic acid copolymer (average molecular weight: 30,000, 
acid value: 300) and 70.4 parts by mass of ion-exchanged water were added to 4 parts by mass of the microencap- 
sulated pigment to disperse the pigment by stirring (80 rpm) by a stirring blade. This dispersion was provided as a red 
coloring composition. 

[0181] The identification of a PHA monomer unit of the microencapsulated pigment recovered previously was per- 
formed in the same manner as in EXAMPLE 1. As a result, it was identified that the PHA is a PHA derived from 
3-hydroxypimelic acid. 

[0182] Further, the molecular weight of the PHA was evaluated by gel permeation chromatography in the same 
manner as in EXAMPLE 1 . As a result, Mn was found to be 47,000. 

[0183] The volume average particle diameter of the pigment before and after the microcapsulation was measured 
in the same manner as in EXAMPLE 1 . As a result, it was found that the particle diameter before the microcapsulation 
was 0.105 jim, while the particle diameter after the microcapsulation was 0.117 urn, which is considered to be attrib- 
utable to the fact that the pigment was covered with PHA. 

[0184] With respect to a green pigment (C.I. Pigment Green 36) and a blue pigment (C.I. Pigment Blue 60) in place 
of the red pigment in the above-described process, microencapsulated pigments were prepared similarly, and the 
microencapsulated pigments were respectively dispersed in ion-exchanged water to provide green and blue coloring 
compositions. 

[0185] Ink dots composed of three colors of R, G and B were formed with the respective coloring compositions on 
a glass substrate by means of an ink-jet recording apparatus. The ink dots were dried for 20 minutes at 80°C and 
further for 1 hour at 180°Ctoform a colored layer. The thickness of the resultant colored layer was 0.4 urn A thermo- 
setting resin ("Hicoat LC-2001", product of Sanyo Chemical Industries, Ltd.) was applied as a transparent protective 
film by a spin coater onto the fine pigment particle layer of three colors of R, G and B so as to give a dry coating 
thickness of 0.5 jam. The thus-formed film was prebaked at 120°C for 30 minutes and then fully baked at 200°C for 30 
minutes to form a protective layer, thereby obtaining a color filter according to the present invention. 

COMPARATIVE EXAMPLE 2: 



[0186] To 4 parts by mass of a red pigment (C.I. Pigment Red 168), were added 10 parts by mass of ethylene glycol, 
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*™ V 7 SS , dleth ^ ene g| y co1 ' 0 6 P arts b V mass ° f a monoethanolaminesalt of a styrene-maleic acid copolymer 

ZZltZ Th W T l - 30 ' 00 °' T ValU6: 3C0) and 70 4 Parts by mass of ton-exchanged water. The pigment was 
dispersed for 2 hours by means of a bead mill. This dispersion was provided as a red coloring composition 
[0187] Similarly, a green coloring composition and a blue coloring composition were respectively prepared in the 
same manner as m the red coloring composition except that a green pigment (C.I. Pigment Green 36) and a blue 
pigment (C.I. Pigment Blue 60) were used respectively in place of the red pigment 

[0188] A color filter in the form of a stripe of R, G and B was then obtained in the same manner as in EXAMPLE 2 
except that the respective coloring compositions according to Comparative Example 2 were used. 

<Evaluation 2> 



15 



pTrature l^^^S^- PartiC ' e " d V0 ' Ume aVera9e partiC ' e diameters after stored at ™™ tarn- 

nf pTampTp o D ^ enCap8Ulated P ' 9mentS in the res P ective red. green and blue coloring compositions 

PA RAT IV EE MP LE^ ^an d ^ ho w' f i if Table's ' " ~ ~ 38 h EXAMPLE 1 a " d ^ 
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Table 5 





Ex.2 (R/G/B) 


Comp. Ex.2 (R/G/B) 


Vol. avg. particle dia. (before storage) 


0.117/0.124/0.126 


0.133/0.145/0.132 


Vol. avg. particle dia. (after storage) 


0.123/0.127/0.134 


0.294/0.315/0.283 



El 1 1 i ' ^ reVea ' ed ,h3t the V0 ' Ume average particle diameter of the microencapsulated pigment in 

ISLETS com P°f on of ^PLE 2 exhibits almost the same value before and after the storage, and the micro 
encapsulated pigment ,s excellent in shelf stability. On the other hand, the volume average particle diameter arte the 
storage of the noncapsulated pigment in each coloring composition of COMPARATIVE EXAMPLE 2 was real 

32S^ aVera9e Part , iCle diamet6r ° f the the storage, and so the J^^^ZSZ 

satisfactory to the microencapsulated pigment. 

EXAMPLE 1 th was madl° HT" T J 2 ^ COMPARAT,VE EXAMPLE 2, the same evaluation as in 

tXAMPLE 1 was made, and the results thereof are collected in Table 6. 



Table 6 



35 



40 



45 





Ex.2 (R/G/B) 


Comp. Ex.2 (R/G/B) 


Unevenness due to aggregation 


Not occurred 


Somewhat occurred 


Adhesion 


Good 


Good 


Transparency 


87/75/82 : good 


76/73/71 , somewhat poor 


Coloring property 


Good 


Somewhat poor 


Contrast 


1021, good 


902, somewhat poor 



Z ion .I It , ' T r T 3,ed that the C0 '° r f " ter aCC ° rdin9 t0 EXAM PLE 2 ls f ree ° f ""evenness due to aggre- 
S ; n 9 °° d '"TV 0 a " adheSi ° n ' trans P arenc * c °'°™9 P^Perty and contrast and hence has ex- 

AMPLE 2 th6Se Pr ° PertieS " 0t Satisfact0, y 10 the col °' f»ter of COMPARATIVE EX- 



EXAMPLE 3: 



so 
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Production of color filter by pigment dispersing process: 



[0193] A red pigment (C.I. Pigment Red 168) was dispersed by a sand mill so as to give a particle diameter of 0 1 
^m or smaller. To 1 part by mass of this dispersion were added 1 0 parts by mass of a crude PHA synthase 1 0 U/ml 
derived from a P91 strain and 39 parts by mass of PBS. The mixture was gently shaken at 30-cC 3 minutest 

x H C 6 10 minute r?h t0 ^ TT d ° n SUrfaCe ° f Pi9mSnt ™ S di ^ ersi0n was -ntrifuged 0 000 

x a tc o m on III " there t su,tan, P rec| P rtate wa * suspended in PBS, and the suspension was centrifuged 1 0,000 
x g, 4 C, 10 minutes) again to obtain an immobilized enzyme. 

[0194] The immobilized enzyme was suspended in 48 parts by mass of 0.1 M phosphate buffer ( P H- 7 0) to which 
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1 part by mass of (R)-3-hydroxyoctanoyl CoA (prepared in accordance with the process described in Eur. J. Biochem., 
250, 432-439 (1997)) and 0.1 parts by mass of bovine serum albumin (product of Sigma Co.) were added, and the 
mixture was gently shaken at 30°C for 2 hours. 

[0195] A red microencapsulated pigment formed was recovered by centrif ugation (10,000 x g, 4°C, 10 minutes) and 
5 vacuum-dried, and 9 parts by mass of a photosensitive polyamide resin (PA-1000C, product of Ube Industries, Ltd.) 
were added to 1 part by mass of the microencapsulated pigment to disperse the pigment by a kneader. This dispersion 
was provided as a red coloring composition. 

[0196] The identification of a PHA monomer unit of the microencapsulated pigment recovered previously was per- 
formed in the same manner as in EXAMPLE 1 . As a result, it was identified that the PHA is a PHA derived from 
10 3-hydroxyoctanoic acid. 

[0197] Further, the molecular weight of the PHA was evaluated by gel permeation chromatography in the same 
manner as in EXAMPLE 1 . As a result, Mn was found to be 42,000. 

[0198] The volume average particle diameter of the pigment before and after the microcapsulation was measured 
in the same manner as in EXAMPLE 1 . As a result, it was found that the particle diameter before the microcapsulation 
15 was 0.127 p.m, while the particle diameter after the microcapsulation was 0.143 u,m, which is considered to be attrib- 
utable to the fact that the pigment was covered with PHA. 

[0199] With respect to a green pigment (C.I. Pigment Green 36) and a blue pigment (C.I. Pigment Blue 60) in place 
of the red pigment in the above-described process, microencapsulated pigments were prepared similarly, and the 
microencapsulated pigments were respectively dispersed in the photosensitive polyamide resin to provide green and 

20 blue coloring compositions. 

[0200] The red coloring composition was then applied on to a glass substrate by spin coating so as to give a layer 
thickness of 1 .5 urn, and baked at 80°C for 10 minutes by a hot plate to provide a red colored layer. Desired portions 
of the colored layer were then UV-cured in a proper quantity of light through a photomask to dissolve and remove an 
unexposed portion of the colored resin layer. The colored resin layer was post-baked at 200°C for 1 0 minutes by a hot 

25 plate. Similarly, this process was repeated respectively using the green and blue coloring compositions to obtain a 
color filter in the form of a stripe of R, G and B. 

COMPARATIVE EXAMPLE 3: 

30 [0201] To 1 part by mass of a red pigment (C.I. Pigment Red 168), were added 9 parts by mass of a photosensitive 
polyamide resin (PA-1000C, product of Ube Industries, Ltd.). The pigment was dispersed for 2 hours by means of a 
kneader. This dispersion was provided as a red coloring composition. 

[0202] Similarly, a green coloring composition and a blue coloring composition were respectively prepared in the 
same manner as in the red coloring composition except that a green pigment (C.I. Pigment Green 36) and a blue 
35 pigment (C.I. Pigment Blue 60) were used respectively in place of the red pigment. 

[0203] A color filter in the form of a stripe of R, G and B was then obtained in the same manner as in EXAMPLE 3 
except that the respective coloring compositions according to Comparative Example 3 were used. 

<Evaluation 3> 

40 

[0204] The volume average particle diameters and the volume average particle diameters after stored at room tem- 
perature for 30 days of the microencapsulated pigments in the respective red, green and blue coloring compositions 
of EXAMPLE 3 and COMPARATIVE EXAMPLE 3 were measured in the same manner as in EXAMPLE 1 and COM- 
PARATIVE EXAMPLE 1 and shown in Table 7. 

45 

Table 7 





Ex.3 (R/G/B) 


Comp. Ex.3 (R/G/B) 


Vol. avg. particle dia. (before storage) 


0.143/0.175/0.149 


0.164/0.102/0.185 


Vol. avg. particle dia. (after storage) 


0.162/0.161/0.174 


0.295/0.239/0.352 



[0205] As a result, it was revealed that the volume average particle diameter of the microencapsulated pigment in 
each coloring composition of EXAMPLE 3 exhibits almost the same value before and after the storage, and the micro- 
encapsulated pigment is excellent in shelf stability. On the other hand, the volume average particle diameter after the 
storage of the microencapsulated pigment in each coloring composition of COMPARATIVE EXAMPLE 3 was great 
compared with the average particle diameter of the pigment before the storage, and so the shelf stability was not 
satisfactory to the microencapsulated pigment. 
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EXAMPLE? wafm^dl 0 ^T' T °l 3 ^ COMPARA ™E EXAMPLE 3, the same eva.uation as in 

bXAMPLE 1 was made, and the results thereof are collected in Table 8. 



10 



15 





Ex.3 (R/G/B) 


Comp. Ex.3 (R/G/B) 


Unevenness due to aggregation 


Not occurred Occurred 




Adhesion 


Good 


Wrinkling 


Transparency 


79/73/78 { good 


69/62/64, somewhat poor 


Coloring property 


Good 


Somewhat poor 


Contrast 


1009, good 


821, somewhat poor 



[0207] As a result, it was revealed that the color filter according to EXAMPLE 3 is free of unevenness due to aoore 
AMPLE 3 ' P r °P ertles were n« satisfactory to the color filter of COMPARATIVE EX- 
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EXAMPLE 4: 

Production of color filter by printing process: 

[0208] A red pigment (C.I. Pigment Red 1 68) was dispersed by a sand mill so as to give a particle diameter of 0 1 
Km or smaller. To 1 part by mass of this dispersion were added 1 0 parts by mass of a cr^ u/ml 

caT e 1h^Hr i6 tK Strajn T 39 by maSS ° f PBS - The miXture was ^ ■'"ken a t ^C^riiu^ 

7 6 T S , 0rbed " ° f Pi9ment ThiS diS P ersion was centrifuged 1 0 OoS 

x a J-c ! ^ST^V^^^ SUSPePded in PBS » and the was centrifuged 1 0 000 

x g, 4 c, 10 minutes) again to obtain an immobilized enzyme ' 

^artL^iT^'Jfr 2 ^ 6 W3$ SUS P 6nded in 48 P arts b V ™™ of 0.1 M phosphate buffer (pH: 7.0) to which 

mr^Z^ST (P r re h pared in accordance wfth ,he process described *»■ J BiocSn 

^~^JZZ«&£^ bov,ne serum a,bumin (product of Si9ma Co -> — addad - - «- 

[0210] A red microencapsulated pigment formed was recovered by centrifugation (10,000 x q 4°C 10 minutes! and 
vacuum-dned, and 10 i parts by mass of a polyester-melamine resin (80:20 (mass rat o) and 3 pa^s by Iss ofmethy' 

th^e ^Tth H 6 ' ,0 2 bV maSS ° f miCr ° enCa pSUlaled P'^ 6 " 1 10 knead a "< asperse t^pgrnnTby a 
three-roll mill. This dispersion was provided as a red coloring composition Pigment °y a 

forml! identifiCati ° n ° f a PHA monomer unit of the microencapsulated pigment recovered previously was per- 

SWoV^lT™ 35 EXAMPLE " ^ 9 reSU,t ' " ^ id6ntified *- - PHA * * ™ d eLd S , P om 

si: r^p^^ir^ss^ by 9ei ™ ch — phy - - — 

[021 3] The volume average particle diameter of the pigment before and after the microcapsule was measured 

wi oTS'uTST Th " '^r^ 1 • AS 3 rSSUlt ' * WaS f ° Und that thS Particle diameter bef - e the mircapsu at on 

utable to theT^T Z T P f"""*"' *" mioroca P sulation was 0.1 91 urn, which is considered to be attrib 
utable to the fact that the pigment was covered with PHA. 

[0214] With respect to a green pigment (C.I. Pigment Green 36) and a blue pigment (C.I. Pigment Blue 60) in place 
milln, Tf h above - described P^ess, microencapsulated pigments were prepared similarly and the 

ZZSSSZSS? ^ reSP6C,iVe,y diSPerS6d in the Ph ° t0Sensmve P"'™! to provide^ena^ 

523 B bTanta^Tet ^fiEST^ ^ * * **" * ^ * 3 ^ * R ' 

COMPARATIVE EXAMPLE 4: 

[0216] To 2 parts by mass of a red pigment (C.I. Pigment Red 168), were added 10 parts by mass of a oolvester 
melamine resin (80:20 (mass ratio)) and 3 parts by mass of butyl cellosolve.The pigment wis kneaded and dispersed 
by means of a three-rol, mil,. This dispersion was provided as a red co.oring composition. SmNariy" Zsl ! coloring 



32 

BNSDOCID: <EP 1262229A1J • > 



EP 1 262 229 A1 



composition and a blue coloring composition were respectively prepared in the same manner as in the red coloring 
composition except that a green pigment (C.I. Pigment Green 36) and a blue pigment (C.I. Pigment Blue 60) were 
used respectively in place of the red pigment. 

[0217] A color filter in the form of a stripe of R, G and B was then obtained in the same manner as in EXAMPLE 4 
5 except that the respective coloring compositions according to Comparative Example 4 were used. 

<Evaluation 4> 

[0218] The volume average particle diameters and the volume average particle diameters after stored at room tem- 
w perature for 30 days of the microencapsulated pigments in the respective red, green and blue coloring compositions 
of EXAMPLE 4 and COMPARATIVE EXAMPLE 4 were measured in the same manner as in EXAMPLE 1 and COM- 
PARATIVE EXAMPLE 1 and shown in Table 9. 



Table 9 





Ex.4 (R/G/B) 


Comp. Ex.4 (R/G/B) 


Vol. avg. particle dia. (before storage) 


0.191/0.127/0.158 


0.181/0.153/0.119 


Vol. avg. particle dia. (after storage) 


0.201/0.151/0.147 


0.343/0.286/0.327 



[0219] As a result, it was revealed that the volume average particle diameter of the microencapsulated pigment in 
each coloring composition of EXAMPLE 4 exhibits almost the same value before and after the storage, and the micro- 
encapsulated pigment is excellent in shelf stability. On the other hand, the volume average particle diameter after the 
storage of the microencapsulated pigment in each coloring composition of COMPARATIVE EXAMPLE 4 was great 
compared with the average particle diameter of the pigment before the storage, and so the shelf stability was not 
satisfactory to the microencapsulated pigment. 

[0220] With respect to the color filters of EXAMPLE 4 and COMPARATIVE EXAMPLE 4, the same evaluation as in 
EXAMPLE 1 was made, and the results thereof are collected in Table 10. 



Table 10 





Ex.4 (R/G/B) 


Come. Ex.4 (R/G/B) 


Unevenness due to aggregation 


Not occurred Not occurred 


Occurred Occurred 


Adhesion 


Good 


Good 


Transparency 


75/76/73, good 


65/63/65, Somewhat poor 


Coloring property 


Good 


somewhat poor 


Contrast 


1021, good 


813, somewhat poor 



40 [0221] As a result, it was revealed that the color filter according to EXAMPLE 4 is free of unevenness due to aggre- 
gation and exhibits good results in all the adhesion, transparency, coloring property and contrast and hence has ex- 
cellent properties. On the other hand, these properties were not satisfactory to the color filter of COMPARATIVE EX- 
AMPLE 4. 

45 EXAMPLE 5; 

Production 2 of color filter by ink-jet system: 

[0222] A red pigment (C.I. Pigment Red 1 68) was dispersed by a sand mill in the same manner as in EXAMPLE 2 
so so as to give a particle diameter of 0.1 u,m or smaller. To 1 part by mass of this dispersion were added 10 parts by 
mass of a crude PHA synthase (10 U/ml) derived from an H45 strain and 39 parts by mass of PBS. The mixture was 
gently shaken at 30°C for 30 minutes to cause the PHA synthase to be adsorbed on the surface of the red pigment. 
This dispersion was centrifuged (10,000 x g : 4°C, 10 minutes), the resultant precipitate was suspended in PBS, and 
the suspension was centrifuged (10,000 x g : 4°C, 10 minutes) again to obtain an immobilized enzyme. 
55 [0223] The immobilized enzyme was suspended in 48 parts by mass of 0.1 M phosphate buffer (pH: 7.0), to which 
1 part by mass of (R)-3-hydroxyoctanoyl CoA (prepared in accordance with the process described in Eur. J. Biochem., 
250, 432-439 (1997)) and 0.1 parts by mass of bovine serum albumin (product of Sigma Co.) were added, and the 
mixture was gently shaken at 30°C for 1 .5 hours. To this reaction mixture, were added 1 part by mass of (R)-3-hydrox- 
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10 



15 



20 



25 



30 



35 



ypimelyl CoA (prepared in accordance with the process described in J. Bacterid., 182, 2753-2760 (2000)) and 0 1 
minute* ^ a ' bUmin (Pr ° dUCt ° f SiQma Co ) - a " d the mixture was ^ shaken at 30 ° c ^ 30 

S,?hL A I? ^ m ; c [° enca P sulated P'Sment formed was recovered by centrifugation (1 0.000 x g, 4 °C, 1 0 minutes) 

of fll 1 T aSS P ° lymer f ° rmed °" the SUrfaCe ° f the ^^encapsulated pigment was measu ed by a t me 
of fligh secondary ,on mass spectrometer (TOF-SIMS IV, manufactured by CAM ECA) . From the resultant mass spTc 
trum rt was found that the surface of the microencapsulated pigment is formed by a copolymer (mofar ra^9 1 ) of 
polyhydroxypimelate and polyhydroxy-octanoate. After the surface of the microencapsulated pigment was sli'ahtS 
scraped by ion sputtering, a mass spectrum was measured likewise by the TOF-SIMS As a result was ideSed 
that the surface was changed to a homopolymer of polyhydroxyoctanoate. It was thereby found that the m^encap 
sulated pigment according to this example is a microencapsulated pigment that the pigment is coveiS^SX. 
^^T^^^^ " fUrth6r C0V6red thereon ' a -icrocapsuiefs fonmed with THy^ 
[0225] Further, the average molecular weight of the PHA making up the microencapsulated pigment was evaluated 
S™? cnromato 9raphy in the same manner as in EXAMPLE 1 . As a result, Mn witou^ to b 49 000 
0226 The volume average particle diameter of the pigment before and after the microcapsulation was measured 

was 0 ToTurw n hl a t S h m E IT^- E 1 • AS 3 reSUlt ' " W3S f ° Und th3t thS partiCle diameter before the microcapsu at on 
Table o 2T^ V,h ' ' ameter aftGr thG microca P sula t'°" « a * 0.122 urn, which is considered to be attrib- 

utable to the fact that the pigment was covered with PHA. 

n?«lLl° 4 5 ? a&S ° f the microenca P sulate d Pigment, were added 10 parts by mass of ethylene glycol 15 
parts by mass of d.ethylene glycol, 0.6 parts by mass of a monoethanolamine salt of a styrene-maleic acid copolvmer 
(average molecular weight: 30,000, acid value: 300) and 70.4 parts by mass of ion-exchanged Ze^Tt^^nt 

ro£ 8 i SP W ft e h rtLT? 9 (8 ° rPm) by 8 Stirrin9 b ' ade - ThiS dispersion Was P™ ided as a ^ -o-'g compos' fon 
S th! rpH T ° 3 P,9ment (C L Pi9mem Gree " 36) and a b,ue P j 9 ment < C -'- P^nt Blue 60) in place 
of the red pigment ,n the above-described process, microencapsulated pigments were prepared similarly andtho 

c^mposTons P ' 9mentS dtopWMd ion - exchanaed to provide green and blue co.oring 

i°nf/J "l? ♦*? C u ° mp ° Sed ° f thr6e C0l0rs of R ' G and B were f °™ ed w ™ the respective coloring compositions on 
a glass substrate by means of an ink-jet recording apparatus. The ink dots were dried for 20 minutes at 80 °C and 
further for 1 hour at 1 80»C to form a colored layer. The thickness of the resultant co.ored layer was Tm A thermo 

fifm bv 7Z T LC ; 2 ° h 01 ";• Pr ° dUCt ° f Sany ° ChSmiCa ' lnduS,rieS ' Ltd > was a PP |ied « a transptren, prSve 
Hm by a spm coater onto the f,ne pigment particle layer of three colors of R, G and B so as to give a dry co tina 
* ckness of 0.5 ,m. The thus-formed film was prebaked at 1 20<C for 30 minutes and then ful.y baked at 20o4 f 3? 
minutes to form a protectee layer, thereby obtaining a color filter according to the present invention. 

< Evaluation 5> 



40 



oerature tor Vo Zl th 9 ? "T™ ^ ^ V °' Ume aVerage particle diameters after st °"* at room tem- 

of FVAMm p 2 V microencapsulated pigments in the respective red, green and blue coloring compositions 

,n TabH WSre ^ ' n SamS manPer 38 in EXAMPLE 1 and COMPARATIVE EXAMPLE 1 and shown 



Table 11 



45 



so 







Ex. 5 (R/G/B) 




Vol. avg. particle dia. (before storage) 


0.122/0.126/0.129 




Vol. avg. particle dia. (after storage) 


0.125/0.131/0.132 



TV' " T S rSVealed that the microenca P^lated pigment exhibits almost: the same change in volume 
average particle diameter as in EXAMPLE 2, and is excellent in shelf stability. 

S ,« P S,^,rS:i? " EXAMPLE 2, ,„e aame «„ as in EXAMPLE , was nvada. ana ,na 
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Table 12 



10 





Ex. 5 (R/G/B) 


Unevenness due to aggregation 


Not occurred 


Adhesion 


Good 


Transparency 


89/78/81 , good 


Coloring property 


Good 


Contrast 


1017, good 



15 



20 



25 



[0233] As a result, it was revealed that the color filter is free of unevenness due to aggregation and exhibits good 
results in all the adhesion, transparency, coloring property and contrast and hence has excellent properties like EX- 
AMPLE 2. 

[0234] Further, with respect to the drying treatment strength required for the fixing of the microencapsulated pigment 
to the glass substrate by an ink-jet recording apparatus, evaluation by weight change was made. For the sake of 
comparison, the drying time strength in the case where the coloring composition of EXAMPLE 2 was used was also 
evaluated likewise. As a result, in the case where the coloring composition of EXAMPLE 2, in which all the shell of the 
microcapsule was formed by the hydrophilic PHA, sufficient drying was not achieved by a treatment at 80°C for 20 
minutes. On the other hand, in the case of this example where only the skin layer of the shell is formed by the hydrophilic 
PHA, sufficient drying was achieved by the treatment at 80°C for 20 minutes, and the colored layer was fixed. From 
this fact it was found that the production process is saved according to the structure of the PHA of the microencap- 
sulated pigment. 

EXAMPLE 6: 



Preparation 1 of microencapsulated pigment using inorganic pigment: 
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[0235] Red iron oxide as an inorganic pigment was dispersed by a sand mill so as to give a particle diameter of 0.3 
pjm or smaller. To 1 part by mass of this dispersion were added 10 parts by mass of a crude PHA synthase (10 U/ml) 
derived from a P161 strain and 39 parts by mass of PBS. The mixture was gently shaken at 30°C for 30 minutes to 
cause the PHA synthase to be adsorbed on the surface of the pigment. This dispersion was centrifuged (10,000 x g, 
4°C, 10 minutes), the resultant precipitate was suspended in PBS, and the suspension was centrifuged (10,000 x g, 
4°C, 10 minutes) again to obtain an immobilized enzyme. 

[0236] The immobilized enzyme was suspended in 48 parts by mass of 0.1 M phosphate buffer (pH: 7.0), to which 
1 part by mass of (R)-3-hydroxyoctanoyl CoA (prepared in accordance with the process described in Eur. J. Biochem., 
250, 432-439 (1997)) and 0.1 parts by mass of bovine serum albumin (product of Sigma Co.) were added, and the 
mixture was gently shaken at 30°C for 2 hours. 

[0237] After a red microencapsulated pigment formed was recovered by centrifugation (10,000 x g, 4°C, 10 minutes) 
and vacuum-dried, the mass of the polymer formed on the surface of the microencapsulated pigment was measured 
by a time of flight secondary ion mass spectrometer (TOF-SIMS IV, manufactured by CAMECA). From the resultant 
mass spectrum, it was found that the surface of the microencapsulated pigment is formed by a homopolymer of poly- 
hydroxyoctanoate. Although a mass spectrum was measured likewise by the TOF-SIMS while scraping the surface of 
the microencapsulated pigment little by little by ion sputtering, any portion was formed by the homopolymer of polyhy- 
droxyoctanoate. It was thereby found that the microencapsulated pigment of this example is a microencapsulated 
pigment that the hydrophilic pigment is covered directly with hydrophobic polyhydroxyoctanoate. 
[0238] Further, the molecular weight of the PHA was evaluated by gel permeation chromatography in the same 
manner as in EXAMPLE 1 . As a result, Mn was found to be 38,000. 

[0239] The volume average particle diameter of the pigment before and after the microcapsulation was measured 
in the same manner as in EXAMPLE 1 . As a result, it was found that the particle diameter before the microcapsulation 
was 0.242 jim, while the particle diameter after the microcapsulation was 0.265 u.m, which is considered to be attrib- 
utable to the fact that the pigment was covered with PHA. 
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EXAMPLE 7: 

Preparation 2 of microencapsulated pigment using inorganic pigment: 

5 urnTr smaSeV To" 1° 22 11 J 9 "^ diSP6rSed by 8 Sa " d mi " 50 aS t0 9 ive a P article ^meter of 0.3 

ixm or smaller. To 1 part by mass of this dispersion were added 10 parts by mass of a crude PHA synthase MO u/mn 

derived from a P161 strain and 39 parts by mass of PBS. The mixture was gently aha^^cT^^nJ^n 
Tc 1 minuti?r aSe ^ t adSOfbed ° n SUrfaCe ° f the ™ s *P^^ZS^^ 0 OOO x 

» ! o° in PBS> and the suspension was ~ < 1 x 9 9 : 

[ , 024 2 ] u The ,mmobilized enz V me wa s suspended in 48 parts by mass of 0.1 M phosphate buffer foH- 7 o\ to whi.h 

2753 ^ a 5SS^522?TT?^ C °f h (prepared in acCOrdance ^ ^e priJSSrKSnTiS*. 182 
w27enS 

" ESS , ? 1'! 9emly Shakin9 31 3 °° C: 01 M P h0S P hate buffer ( P H 7.0) containing 1 part by mass of (R)-3-hvdroxv 
octanoyl CoA (prepared m accordance with the process described in Eur. J. Biochem 250 1 4S43 mS™ 
parts by mass of bovine serum albumin (product of Sigma Co.) was added with Ceding ratt of 1 oart bv m^, 1 
minute by means of a microtube pump (MP-3N, manufactured by Tokyo Rite Kikai K K ) P y ^ 

« ugation M oToo^'c \ oZZ" ? IT** tk' micr ° en W^ *m«* <°™ed was recovered by centrif- 

u actured by CAM EC A). From the resultant mass spectrum, ft was uZS Zt the 1^^SSZ2£S 
pigment is formed by a copolymer (molar ratio 15:1) of polyhydroxyoctanoate and polyhydiow^^SSS^ 

wEZZZ m T red !i l: ewise by the TOF " s,MS whi,e scraping the surfaoe of ^ ^TZ7^Z"ZnTZ 

reduced IZ P 7T 9, t ^ ,den,i<ied th3t *• Pr ° POrti0n ° f Po'yhydroxyoctanoate in the copolyme £22 V 
reduced, and finally it is changed to a homopolymer of polyhydroxypimelate It was therein, to.mri Thot thl V 

fnf^L™! m,me * V *S! Ba "'" e "k^"' ol "- pismem be '°™ aM ""»< »» microcapsutatton was measured 



EXAMPLE 8: 

40 Evaluation of microencapsulated pigments of EXAMPLE 6 
and EXAMPLE 7: 



45 



50 



[0246] Four parts by mass of the microencapsulated pigment produced in EXAMPLFS r *nH 7fl nH^ Q , k 

of red iron oxide as COMPARATIVE EXAMPLE 5, which had bee vSm^^^Z ? t ? * ***** 

-onT wis" , " 9 ^ ThiS diSPerSi ° n WaS Pr ° Vided 38 3 red colorin 9 composition. A color filter composea o R 
aione was oDtainea in a similar manner to Example 2. r w ' 

[0247] With respect to the color filters of EXAMPLE 6, EXAMPLE 7 and COMPARATIVE EXAMPLE 5 the <,«™ 
evaluation as in EXAMPLE 1 was made, and the results thereof are collected in Table 13 EXAMPLE 5 ' the S8me 
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Table 13 





EXAMPLE 6 


EXAMPLE 7 


COMPARATIVE EXAMPLE 5 


Unevenness due to aggregation 


Not occurred 


Not occurred 


Somewhat occurred occurred 


Adhesion 


Good 


Good 


Good 


Transparency 


79, good 


77, good 


62, poor 


Coloring property 


Good 


Good 


Somewhat poor 


Contrast 


101 7, good 


1002, good 


899, somewhat poor 



[0248] As a result, it was revealed that the color filters according to EXAMPLES 6 and 7 are free of unevenness due 
to aggregation and exhibit good results in all the adhesion, transparency, coloring property and contrast and hence 
have excellent properties. On the other hand, these properties were not satisfactory to the color filter of COMPARATIVE 
EXAMPLE 5. 

[0249] With respect to the case where the red coloring compositions of EXAMPLES 6 and 7 and COMPARATIVE 
EXAMPLE 5 were used as they are and the case where they are vigorously stirred by a vortex mixer, the volume 
average particle diameters and the volume average particle diameters after stored at room temperature for 30 days 
of the microencapsulated pigments in the red coloring compositions were measured in the same manner as in EXAM- 
PLE 1 and shown in Table 14 in the case where stirring was not conducted and in Table 15 in the case where stirring 
was conducted. 



Table 14 





Ex. 6 


Ex. 7 


Comp. Ex. 5 


Vol. avg. particle dia. (before storage) 


0.265 


0.258 


0.237 


Vol. avg. particle dia. (after storage) 


0.267 


0.262 


0.621 


Oim) 


Table 15 




Ex. 6 


Ex. 7 


Comp. Ex. 5 


Vol. avg. particle dia. (before storage) 


0.249 


0.256 


0.236 


Vol. avg. particle dia. (after storage) 


0.334 


0.259 


0.658 


(ujn) 



[0250] As a result, it was found that in the case where stirring was not conducted, the volume average particle 
diameters of the microencapsulated pigments of EXAMPLES 6 and 7 exhibit almost the same values before and after 
the storage, and the microencapsulated pigments are excellent in shelf stability. On the other hand, the volume average 
particle diameter after the storage of the pigment of COM PAR ATI VE EXAM PLE 5 greatly increases compared with the 
average particle diameter of the pigment before the storage, and so the shelf stability was not satisfactory to the 
microencapsulated pigment. 

[0251] In the case where stirring was conducted, the volume average particle diameter of the microencapsulated 
pigments of EXAMPLE 7 exhibited almost the same value before and after the storage, but the volume average particle 
diameter after the storage of the microencapsulated pigments of EXAM PLE 6 somewhat increased compared with the 
average particle diameter of the pigment before the storage. The pigment of the Comparative Example exhibited similar 
results to the case where stirring was not conducted. 

[0252] The microencapsulated pigments after the storage of EXAMPLES 6 and 7 in the case where stirring was 
conducted were observed through an optical microscope. As a result, individual particles were observed being well 
dispersed in EXAMPLE 7. However, in EXAMPLE 6, aggregation of the particles was observed, and the covering PHA 
was observed being separated in a part. 

[0253] From the above fact, it was found that an inorganic pigment is covered with a PHA having a hydrophilic 
functional group high in affinity for the inorganic pigment, and a copolymer of a hydrophilic PHA monomer unit and a 
hydrophobic PHA monomer unit is covered thereon in such a manner that the compositional ratio of the hydrophobic 
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10 



15 



Ct^™* , U f in ?K eaSeS 98 C ° minQ nSarer ,0 thS Skin layer " Whereb y a h y dr ophobic PHA capsule capable of more 
stably encapsulating the inorganic pigment can be formed. 

EXAMPLE 9: 

Production of color filter by electrodeposition: 

[0254] A red pigment (C.I. Pigment Red 1 68) was dispersed by a sand mill so as to give a particle diameter of 0 1 
urn or smaller. To 1 part by mass of this dispersion were added 10 parts by mass of a solution (10 U/ml) of a PHA 
SS7 d fr ° m f ? yN2 - C l recombinant strain and 39 parts by mass of PBS. The mixture wa TgTnt.y shakei 
at 30 C for 30 mmutes to cause the PHA synthase to be adsorbed on the surface of the pigment This dispersion was 
centnfuged (1 0,000 x g, 4°C, 1 0 minutes), the resultant precipitate was suspended in PBS and the suspension was 
centrifuged (10.000 x g, 4'C, 1 0 minutes) again to obtain an immobilized enzyme suspension was 

n°f 55 l I hS immob " ized enz y me was suspended in 48 parts by mass of 0.1 M phosphate buffer (pH- 7 0) to which 
oLlTT^Z ™- 3 -W™™™W C ° A > 0.2 parts by mass of (R,S)-3-hydroxy-7,8-epoxyoctanoyr CoA and * 
30"C for 2 hours V ' n6 ^ ° f Si9ma C0 ) W9W Bdded ' and th * miXtUre Was ^ snake " « 

[0256] After a part of the microencapsulated pigment formed was recovered by centrifugation (1 0 000 x a 4°c 1 0 

- ZTrZ7 0 ™ZTl il was suspended in cnloroform - and lhe suspension was slirred at - c «* ™»™ - 

[0257] This extract was subjected to 1 H-NMR analysis (instrument used: FT-NMR; Bruker DPX400 measurement 
was 77% for 3-hydroxypimel.c acid unit and 23% for 3-hydroxy-7,8-epoxyoctanoic acid unit 

mff? V °'T e a r ra9e PartiC ' e diamet6r ° f the Pi9ment before and after microcapsulation was measured by 

r i tn \ Do P p ' ers y s , tem P article si2e distribution measuring machine (UPA-150, manufactured by Nikkiso 
Co Ltd ) As a result, it was found that the particle diameter before the microcapsulation was 0.103 um while the 

ttzzzxszr**" - o m m Mh is - b - - ™« - 

[0259] A microencapsulated pigment formed was recovered by centrifugation (10,000 X g, 4°C 10 minutes) and 
99 parts by mass of ion-exchanged water were added to 1 part by mass of the microencapsulated pigment to disperse 
the pigment by st.rring (80 rpm) by a stirring blade. In this dispersion, was dissolved 0.5 parts by mS o hexaTeTh 
ylened.am.ne as a crosslinking agent. After confirming the dissolution, water was removed by lyophLatior Sis is 

r'oS th 85 P , artiC o 1 ) ' F T e " PartiC ' e 1 W8S reaCt6d at 7 °° C for 12 hours < this is referred to as PaSS) 
Kl„ , e a fo V u. ? 1 3nd 2 W6re sus P ended in chloroform, and the suspension was stirred at 60°C for 20 

bv d £!22 ? 3 • Chl0r ° fOrm WaS rem ° Ved by VaCUUm dryin 9' and measurement was performed 

by a differential scanning calorimeter (DSC; manufactured by Perkin Elmer Co., Pyris 1 , heating rate- 1 o°C/min) As 
a result, a clear exothermic peak was observed at about 90°C in Particle 1 . This indicates that a react on of an epoxv 
i U r P : 6 P° ymer with hexamethylenediamine takes place, and crosslinking between polymers proceeds. oTthe 
40 completed " ° W "* ° b,WVed PartiC ' 6 2 ' This indicates that the crosslinking reaction was almost 

?o 61 i l 7 C . l ^ i ! h r SPeCtt0 ,! heS T eSampleS ' in ^red absorption was determined (FT-IR; manufactured by Perkin Elmer 
Co., 1720X) As a result, peaks attributable to amine (about 3340 cm-1) and epoxy (about 822 cm-1) which were 
observed in Particle 1 , disappear in Particle 2. n ; ' mcn were 

[0262] From the above results, it was revealed that a crosslinked polymer is obtained by reacting a PHA havina an 
epoxy unit at a side chain with hexamethylenediamine. 9 9 

[0263] on the other hand, samples were prepared in the same manner as described above except that (R S)-3-hv- 
droxyoctanoyl CoA was used in place of the (R,S)-3-hydroxy-7,8-epoxyoctanoyl CoA, and evaluated However any 
evaluation results that the crosslinking between the polymers is clearly indicated as described above i^SS 

P y maSS ° f ab ° Ve PartiC ' e *' W6re added " P3rtS by mass of '""-exchanged water, and the 
particles were aispersea Dy stirring (80 rpm) by a stirring blade. This dispersion was centrifuged (10,000 X q 4»C 10 
minutes) to recover a microencapsulated pigment of Particle 2. To 1 parts by mass of the microencapsulated pigment 
were added^99 parts by mass of ion-exchanged water, and the pigment was dispersed by stirring (80 rpm) by a StTr'ng 
blade. This dispersion was provided as a red coloring composition 9 

£ 2 th? reSP t 6Ct 1°k 3 9 [ 6en Pi9ment (CJ - Pi9mem Gre6n 36) and a blue Di 9 ment (C.I. Pigment Blue 60) in place 

of the red pigment in the above-described process, microencapsulated pigments were prepared similarly and the 

"omposTons P ' 9mentS ^ reSpeCtiVely diSperSed in --changed water to provide green and blue coloring 
[0266] A transparent electrode substrate obtained by patterning with ITO on a glass substrate, and a stainless steel 
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substrate were immersed in the red coloring composition, a portion of the transparent electrode substrate, which was 
to be colored red, was connected to a positive pole, and the stainless steel substrate was provided as a negative pole 
to energize, 'thereby deposit a coating film on the transparent electrode. The electrodeposition conditions were as 
follows: 

5 

Voltage applied: 30 V, 

Coating temperature: 20°C, and 

Deposition time: 20 seconds. 

10 [0267] After completion of the electrodeposition, the glass substrate was washed with water, dried and then baked 
at 150°C to obtain a red color filter. Similarly, this process was repeated respectively using the green and blue coloring 
compositions to obtain a color filter in the form of a stripe of R, G and B. 

EXAMPLE 10: 

15 

Evaluation of microencapsulated pigment of EXAMPLE 9: 

[0268] The volume average particle diameters and the volume average particle diameters after stored at room tem- 
perature for 30 days of the microencapsulated pigments in the respective red, green and blue coloring compositions 
20 of EXAMPLE 9 were measured in the same manner as in EXAMPLE 1 and COMPARATIVE EXAMPLE 1 . As a result, 
it was found that the volume average particle diameter of the microencapsulated pigment in the coloring composition 
exhibits almost the same values before and after the storage, and the microencapsulated pigments are excellent in 
shelf stability compared with the results of COMPARATIVE EXAMPLE 1 . 

[0269] Hexane, methanol or ethyl ether was used as a dispersion medium used in the dispersion in EXAMPLE 9 in 
25 place of ion-exchanged water to prepare a coloring composition, and it was stored for 30 days at room temperature. 
As a result, no problem was caused on the shelf stability of the microencapsulated pigment, and it was found that the 
pigments can be used even in an oily medium without problems. 

[0270] The above-described microencapsulated pigments were good in mechanical strength and heat resistance. 
[0271] With respect to the color filters of EXAMPLE 9, the same evaluation as in EXAMPLE 1 and COMPARATIVE 
30 EXAMPLE 1 was made. As a result, it was revealed that the color filter is free of unevenness due to aggregation and 
exhibits good results in all the adhesion, transparency, coloring property and contrast and hence has excellent prop- 
erties compared with COMPARATIVE EXAMPLE 1. 

EXAMPLE 11: 

35 

Production of color filter by electrodeposition: 

[0272] A PHA synthase derived from a pYN2-C1 recombinant strain was immobilized on surfaces of pigments in the 
same manner as in EXAMPLE 9 to obtain immobilized enzymes. One part by mass of each of the immobilized enzymes 

40 was suspended in 48 parts by mass of 0.1 M phosphate buffer (pH: 7.0), to which 0.8 parts by mass of (R)-3-hydrox- 
ypimelyl CoA, 0.2 parts by mass of (R,S)-3-hydroxy-7,8-epoxyoctanoyl CoA and 0.1 parts by mass of bovine serum 
albumin (product of Sigma Co.) were added, and the mixture was gently shaken at 30°C for 2 hours. 
[0273] A microencapsulated pigment formed was recovered by centrifugation (10,000 x g, 4°C, 1 0 minutes), and 1 
part by mass of the microencapsulated pigment was suspended in 100 parts by mass of purified water. After the 

45 suspension was centrifuged (10,000 x g, 4°C, 10 minutes) again to recover the microencapsulated pigment, water 
was removed by lyophilization. To 1 part by mass of the microencapsulated pigment were added 1 0 parts by mass of 
terminal ammo-modified polysiloxane (modified silicone oil TSF4700, product of Toshiba Silicone Co., Ltd.) to conduct 
a reaction at 70°C for 2 hours. The reaction mixture was suspended in methanol, and the suspension was centrifuged 
(10,000 x g, 4°C, 20 minutes). This process was performed repeatedly, whereby the pigment was washed and dried 

so to obtain red, green and blue coloring compositions having a graft chain of polysiloxane. 

[0274] The microencapsulated pigments described above were used to prepare coloring compositions in the same 
manner as in EXAMPLE 9. These coloring compositions were used to obtain a color filter in the form of a stripe of R, 
G and B in the same manner as in EXAMPLE 9. 
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EXAMPLE 12: 

Evaluation of microencapsulated pigment of EXAMPLE 11 : 

!°o!L 51 7 he o^ Ume T™ Qe PartiC,e dlameters and the vo,ume av erage particle diameters after stored at room tem- 
2 pvamS'J : yS microencapsulated pigments in the respective red, green and blue coloring compositions 
of EXAMPLE 11 were measured in the same manner as in EXAMPLE 1 and COMPARATIVE EXAMPLE 1 As a result 
lh?hVc°T d th tl thG volumeavera 9 e P artic,e diamet *r of the microencapsulated pigment in the coloring composition 
exhibits almost the same values before and after the storage, and the microencapsulated pigments are excellent in 
shelf stability compared with the results of COMPARATIVE EXAMPLE 1 . 

ind 7 h^ Pigments were good in mechanical strength : water repellency, weather resistance 

[0277] With respect to the color filters of EXAMPLE 11 , the same evaluation as in EXAMPLE 1 was made As a 
SSiiT reV6a,ed th3t C0, ° r ' l,ter iS ° f Unevenness due t0 aggregation and exhibits good results in all the 
T\Tb exZ7lE T"^ 9 Pr ° Perty C ° mraSt eXCel ' ent P r °P erties compared with COMPAR- 

f™i c ° ,orin ^ om P° sitlons ^r color filters containing the microencapsulated pigment according to the present 
invention can be used in both hydrophilic and lipophilic coloring compositions. In particular, the hydrophilic coloring 
compos,t,on has features that the dispersed state of a pigment is stable without using any surfactant, and so aggregation 
is hard to occur , mages good ,n transparency and coloring property and excellent in contrast can be formed since the 

Z «Hh CaPSU ^ en ? Pi9ment d6nSjty iS hi9h ' and lma 9 es formed are excel,e nt in water fastness 

and adhesion to a substrate because the use of surfactants is reduced, and also has a merit that the production process 
thereof is simple and convenient. H 
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SEQUENCE LISTING 

<110> CANON KABUSHIKI KAISHA 

<120> Coloring composition for color filters containing microencapsulated 

pigment composed of polyhydroxyalkanoate 

<130> CF016378 

<150> JP P200M33479 

<151> 2001-04 02 

<150> JP P2001-210058 

<151> 2001-07-10 

<160> 12 

<170> Microsoft Word 
<210> 1 
<211> 20 
<212>DNA 

<213> Artificial Sequence 
<400> 1 

tgctggaact gatccagtac 20 
<210> 2 
<211> 23 
<212> DNA 

<213> Artificial Sequence 
<400> 2 

gggttgagga tgctctggat gtg 23 
<210> 3 
<211> 1680 
<212> DNA 

<213> Pseudomonas cichorii YN2 ; FERM BP-7375 
<400> 3 

atgagtaaca agagtaacga tgagttgaag tatcaagcct ctgaaaacac 50 
cttggggctt aatcctgtcg ttgggctgcg tggaaaggat ctactggctt 100 
ctgctcgaat ggtgcttagg caggccatca agcaaccggt gcacagcgtc 150 
aaacatgtcg cgcactttgg tcttgaactc aagaacgtac tgctgggtaa 200 
atccgggctg caaccgacca gcgatgaccg tcgcttcgcc gatccggcct 250 
ggagccagaa cccgctctat aaacgttatt tgcaaaccta cctggcgtgg 300 
cgcaaggaac tccacgactg gatcgatgaa agtaacctcg cccccaagga 350 
t gtggcgcgt gggcacttcg tgatcaacct catgaccgaa gccatggcgc 400 
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cgaccaacac cgcggccaac ccggcggcag tcaaacgctt tttcgaaacc 450 
ggtggcaaaa gcctgctcga cggcctctcg cacctggcca aggatctggt 500 
acacaacggc ggcatgccga gccaggtcaa catgggtgca ttcgaggtcg 550 
gcaagagcct gggcgtgacc gaaggcgcgg tggtgtttcg caacgatgtg 600 
ctggaactga tccagtacaa gccgaccacc gagcaggtat acgaacgccc 650 
gctgctggtg gtgccgccgc agatcaacaa gttctacgtt ttcgacctga 700 
gcccggacaa gagcctggcg cggttctgcc tgcgcaacaa cgtgcaaacg 750 
ttcatcgtca gctggcgaaa tcccaccaag gaacagcgag agtggggcct 800 
gtcgacctac atcgaagccc tcaaggaagc ggttgatgtc gttaccgcga 850 
tcaccggcag caaagacgtg aacatgctcg gcgcctgctc cggcggcatc 900 
acttgcaccg cgctgctggg ccattacgcg gcgattggcg aaaacaaggt 950 
caacgccctg accttgctgg tgagcgtgct tgataccacc ctcgacagcg 1000 
atgttgccct gttcgtcaat gaacagaccc ttgaagccgc caagcgccac 1050 
tcgtaccagg ccggcgtact ggaaggccgc gacatggcga aggtcttcgc 1100 
ctggatgcgc cccaacgatc tgatctggaa ctactgggtc aacaattacc 1150 
tgctaggcaa cgaaccgccg gtgttcgaca tcctgttctg gaacaacgac 1200 
accacacggt tgcccgcggc gttccacggc gacctgatcg aactgttcaa 1250 
aaataaccca ctgattcgcc cgaatgcact ggaagtgtgc ggcaccccca 1 300 
tcgacctcaa gcaggtgacg gccgacatct tttccctggc cggcaccaac 1350 
gaccacatca ccccgtggaa gtcctgctac aagtcggcgc aactgtttgg 1400 
cggcaacgtt gaattcgtgc tgtcgagcag cgggcatatc cagagcatcc 1450 
tgaacccgcc gggcaatccg aaatcgcgct acatgaccag caccgaagtg 1500 
gcggaaaatg ccgatgaatg gcaagcgaat gccaccaagc ataccgattc 1550 
ctggtggctg cactggcagg cctggcaggc ccaacgctcg ggcgagctga 1600 
aaaagtcccc gacaaaactg ggcagcaagg cgtatccggc aggtgaagcg 1650 
gcgccaggca cgtacgtgca cgaacggtaa 1680 
<210> 4 
<211> 1683 
<212> DNA 

<213> Pseudomonas cichorii YN2 ; FERM BP-7375 
<400> 4 

atgcgcgata aacctgcgag ggagtcacta cccacccccg ccaagttcat 50 
caacgcacaa agtgcgatta ccggcctgcg tggccgggat ctggtttcga 100 
ctttgcgcag tgtcgccgcc catggcctgc gccaccccgt gcacaccgcg 1 50 
cgacacgcct tgaaactggg tggtcaactg ggacgcgtgt tgctgggcga 200 
caccctgcat cccaccaacc cgcaagaccg tcgcttcgac gatccggcgt 250 
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ggagtctcaa tcccttttat cgtcgcagcc tgcaggcgta cctgagctgg 300 
cagaagcagg tcaagagctg gatcgacgaa agcaacatga gcccggatga 350 
ccgcgcccgt gcgcacttcg cgttcgccct gctcaacgat gccgtgtcgc 400 
cgtccaacag cctgctcaat ccgctggcga tcaaggaaat cttcaactcc 450 
ggcggcaaca gcctggtgcg cgggatcggc catctggtcg atgacctctt 500 
gcacaacgat ggcttgcccc ggcaagtcac caggcatgca ttcgaggttg 550 
gcaagaccgt cgccaccacc accggcgccg tggtgtttcg caacgagctg 600 
ctggagctga tccaatacaa gccgatgagc gaaaagcagt attccaaacc 650 
gctgctggtg gtgccgccac agatcaacaa gtactacatt tttgacctca 700 
gcccccataa cagcttcgtc cagttcgcgc tcaagaacgg cctgcaaacc 750 
ttcgtcatca gctggcgcaa tccggatgta cgtcaccgcg aatggggcct 800 
gtcgacctac gtcgaagcgg tggaagaagc catgaatgtc tgccgggcaa 850 
tcaccggcgc gcgcgaggtc aacctgatgg gcgcctgcgc tggcgggctg 900 
accattgctg ccctgcaggg ccacttgcaa gccaagcgac agctgcgccg 950 
cgtctccagc gcgacgtacc tggtgagcct gctcgacagc caactggaca 1000 
gcccggccac actcttcgcc gacgaacaga ccctggaggc ggccaagcgc 1050 
cgctcctacc agaaaggtgt gctggaaggc cgcgacatgg ccaaggtttt 1100 
cgcctggatg cgccccaacg atttgatctg gagctacttc gtcaacaatt 1150 
acctgatggg caaggagccg ccggcgttcg acattctcta ctggaacaat 1200 
gacaacacac gcctgccggc cgccctgcat ggtgacttgc tggacttctt 1250 
caagcacaac ccgctgagcc atccgggtgg cctggaagtg tgcggcaccc 1300 
cgatcgactt gcaaaaggtc accgtcgaca gtttcagcgt ggccggcatc 1350 
aacgatcaca tcacgccgtg ggacgcggtg tatcgctcaa ccctgttgct 1400 
cggtggcgag cgtcgctttg tcctggccaa cagcggtcat gtgcagagca 1450 
ttctcaaccc gccgaacaat ccgaaagcca actacctcga aggtgcaaaa 1500 
ctaagcagcg accccagggc ctggtactac gacgccaagc ccgtcgacgg 1550 
tagctggtgg acgcaatggc tgggctggat tcaggagcgc tcgggcgcgc 1600 
aaaaagaaac ccacatggcc ctcggcaatc agaattatcc accgatggag 1650 
gcggcgcccg ggacttacgt gcgcgtgcgc tga 1683 
<210> 5 
<211> 29 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer for PCR multiplication 
<400> 5 
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10 



20 



ggaccaagct tctcgtctca gggcaatgg 29 
<210>6 
<211> 29 
<212>DNA 

<213> Artificial Sequence 
<220> 

<223> Primer for PCR multiplication 
<400> 6 

15 cgagcaagct tgctcctaca ggtgaaggc 29 

<210> 7 
<211>29 
<212>DNA 

<2 13> Artificial Sequence 
<220> 

<223> Primer for PCR multiplication 
25 <400> 7 

gtattaagct tgaagacgaa ggagtgttg 29 
<210> 8 

so <211>30 

<212> DNA 

<213> Artificial Sequence 
<220> 

35 

<223> Primer for PCR multiplication 
<400> 8 

catccaagct tcttatgatc gggtcatgcc 30 
4 <> <210>9 

<211> 30 
<212> DNA 

45 <213> Artificial Sequence 

<220> 

<223> Primer for PCR multiplication 
<400> 9 

cgggatccag taacaagagt aacgatgagt 30 
<210> 10 
<211> 30 

55 <212>DNA 



50 



44 

BNSDOCID: <EP 1262229A1J_> 



EP 1 262 229 A1 



<213> Artificial Sequence 
<220> 

<223> Primer for PCR multiplication 
<400> 10 

cgatctcgag ttaccgttcg tgcacgtacg 30 
<210> 11 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer for PCR multiplication 
<400> 11 

cgggatcccg cgataaacct gcgagggagt 30 
<210> 12 
<211> 30 
<212>DNA 

<213> Artificial Sequence 
<220> 

<223> Primer for PCR multiplication 
<400> 12 

cgatctcgag gcgcacgcgc acgtaagtcc 30 



Claims 



1. 



A coloring composition for color filters, comprising a coloring material obtained by coating at least part of surfaces 
of pigment particles with polyhydroxyalkanoate, and a dispersion medium for the coloring material. 



2. 



The coloring composition according to Claim 1 , wherein the polyhydroxyalkanoate is a polyhydroxyalkanoate hav- 
ing at least one monomer unit selected from the group consist! ng of the monomer units represented by the formulae 
[1]to[10]: 



R1 



CH 2 )a 

(-0 — CH— CH— CO-)- 



[1] 



wherein the monomer unit is at least one selected from the group consisting of the monomer units in which the 
combination of R1 and "a" is any of the following combinations: 



a monomer unit in which R1 is a hydrogen (H) atom, and "a" is any one integer selected from 0 to 1 0; 



45 
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a monomer unit in which R1 is a halogen atom, and "a" is any one integer selected from 1 to 10- 
amonomerun,t,nwhichR1 isacarboxylgrouporasaltthereof.a^^ 



10 



0 

/ \ 

— C-CH 2 
H 2 



and "a" is any one integer selected from 1 to 7- 



15 



20 



25 




[2] 



jCH 2 )b 

"f-O CH— CH— CO-)- 



30 



35 



40 



45 




[3] 



CH 2 )c 



—f-O — CH— CH— CO-)— 



50 



55 
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10 




CH 2 )d 



[4] 



{— O CH — CH— CO-)- 



15 



wherein M d" is any one integer selected :from 0 to 7, and R4 is any one selected from the group consisting of a 
hydrogen (H) atom, a halogen atom, -CN, -N0 2 , -CF 3 , -C 2 F 5 and -C 3 F 7 ; 



20 



25 



30 




[5] 



CH 2 )e 



{— O — CH— CH— CO-)- 



35 wherein "e" is any one integer selected from 1 to 8, and R5 is any one selected from the group consisting of a 

hydrogen (H) atom : a halogen atom, -CN, -N0 2 , -CF 3 , -C 2 F 5 , -C 3 F 7 -CH 3 , -C 2 H 5 and -C 3 H 7 ; 



40 



45 



50 




[6] 



(CH 2 )f 



(— O CH— CH— CO-)— 



wherein T is any one integer selected from 0 to 7; 



55 
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10 



15 




wherein "g" is any one integer selected from 1 to 8; 



[7] 



20 



25 



30 




CH 2 )h 



(-0 CH— CH— CO-j- 



[8] 



wherein "h» is any one integer selected from 1 to 7, and R6 is any one selected from the group consistino of a 
hydrogen (H) atom, a halogen atom, -CN, -N0 2 , -COOR', -S0 2 R", -CH 3 , -C 2 H 5 , -C 3 H 7 ShSSL^J Sh 

r m ^c R H:rd^oc?Hr 9en (H) atom - Nai K ' - CH3 and ^ anl R,,1s any of ^^££32% 



40 



45 



50 



55 




(CHJi 



[9] 



f-O — CH— CH— CO-)— 
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wherein "i" is any one integer selected from 1 to 7, and R7 is any one selected from the group consisting of a 
hydrogen (H) atom, a halogen atom, -CN, -N0 2 , -COOR' and -S0 2 R", in which R* is any of a hydrogen (H) atom, 
Na, K, -CH 3 and -C 2 H 5 , and R" is any of -OH, -ONa, -OK, a halogen atom, -OCH 3 and -OC 2 H 5 ; and 



10 



15 




(CH 2 )j 



fo- 



[10] 



CH— CH— CO- 



20 wherein "j" is any one integer selected from 1 to 9. 

3. The coloring composition according to Claim 1 , wherein the polyhydroxyalkanoate has a hydrophilic functional 
group. 

25 4. The coloring composition according to Claim 3, wherein the polyhydroxyalkanoate has an anionic functional group. 

5. The coloring composition according to Claim 4, wherein the polyhydroxyalkanoate has a carboxyl group. 

6. The coloring composition according to Claim 5, wherein the carboxyl group is introduced by at least one monomer 
30 unit selected from the group consisting of the monomer units represented by the formula 



35 



40 



COOH 



(CH 2 )k 



[11] 



(-0 — CH— CH— CO-j— 



45 



wherein "k" is any one integer selected from 1 to 10. 

7. The coloring composition according to Claim 2, wherein the monomer unit composition of the polyhydroxyalkanoate 
is changed in a direction from the inside of the coloring material toward the outside. 

8. The coloring composition according to Claim 2, wherein at least a part of the polyhydroxyalkanoate is a chemically 
modified polyhydroxyalkanoate. 

so 9. The coloring composition according to Claim 8, wherein the chemically modified polyhydroxyalkanoate is a poly- 
hydroxyalkanoate having at least a graft chain. 

10. The coloring composition according to Claim 9, wherein the graft chain is a graft chain by chemical modification 
of a polyhydroxyalkanoate containing at least a monomer unit having an epoxy group. 



55 



11. The coloring composition according to Claim 9, wherein the graft chain is a graft chain of a compound having an 
amino group. 
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12 ' modif iJdTo 9 mp 0 o m u P n 0 d Si,i0n aCC ° rdin9 '° ^ ' ' ' Wher6in C ° mP ° Und haVi " 9 a " 3min ° group is a terminal amin °" 

13. The coloring composition according to Claim 12, wherein the terminal amino-modified compound is at least one 
poJsTxane *" * pol ^ lami ^ P^thyleneimine and terminal amino modified 

1 4 ' Sh^aLToatf " aCC ° rdin9 10 C ' aim 8 ' Wherei " 31 ,6aSt 3 Part ° f the P<Woxya.kanoate » crosslinked 

15 ' Il^n^rohSf 0 " aC ?°^ lin9 10 C ' aim 14 ' Wh6rein thS crosslinke d polyhydroxyalkanoate is a polyhydroxy- 
group V Cr0SS " nk,ng a P^hydroxyalkanoate containing at least a monomer unit having an epoxy 

16 ' IiSnn^r 9 C T P .° S w 0n aC f° rdin9 10 C,aim 14, Wh6rein the cross,i "ked polyhydroxyalkanoate is a polyhydroxy- 
alkanoate crosslink* by at least one selected from the group consisting of a diamine compound succinic arZ 
dr.de, 2-ethyl-4-methylimidazole and electron beam irradiation. compound, succinic anhy- 

17. The coloring composition according to Claim 16, wherein the diamine compound is hexamethylenediamine. 

18. A process for producing a coloring composition for color filters containing a coloring material and a dispersion 
medium for the coloring material, which comprises the steps of: aspersion 

performing a synthetic reaction of a polyhydroxyalkanoate using a 3-hydroxyacyl CoA as a substrate in the 
presence of a po,yh y droxya.kanoate-synthes*ing enzyme immobilized on the surfaces of P igmen7 P al es 
dispersed in an aqueous medium, thereby coating at least a part of the surfaces of the pigment particles wtth 
the polyhydroxyalkanoate to obtain a coloring material, and pamcies witn 

dispersing the coloring material in a dispersion medium. 

19 ' l h n e *? 6 T' 0n PrOC6SS aCcording t0 Claim 1 8 - wh6rein th * Polyhydroxyalkanoate is a polyhydroxyalkanoate hav- 
mtornf t0 ?™ n0m6rUnitSele * edfr ^ 

by*r^ 



R1 

|CH 2 )a Cl] 
— (-0 — CH— CH— CO-)— 

wherein the monomer unit is at least one selected from the group consisting of the monomer units in which the 
combination of R1 and a is any of the following combinations: 

a monomer unit in which R1 is a hydrogen (H) atom, and "a" is any one integer selected from 0 to 10- 

a monomer un.t in which R1 is a halogen atom, and "a" is any one integer selected from 1T1 0 

a monomer unit in which R1 is acarboxyl group or a salt thereof, and »a" is any one integer selected from 1 to 1 0- 

: =:::; z : ss s : a chromophorfc ™ and ,,a " is -* « — — i <° ii - 
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o 

/ \ 
-C-CH, 
H 2 
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and "a" is any one integer selected from 1 to 7; 



10 



15 




[2] 



(-0 — CH— CH— CO-}- 



20 



wherein "b" is any one integer selected from 0 to 7, and R2 is any one selected from the group consisting of a 
hydrogen (H) atom, a halogen atom, -CN, -N0 2 , -CF 3 , -C 2 F 5 and -C 3 F 7 ; 



25 



30 



35 




[3] 



CH 2 )c 



{— O CH— CH— CO-} 



wherein "c" is any one integer selected from 1 to 8, and R3 is any one selected from the group consisting of a 
hydrogen (H) atom, a halogen atom, -CN, -N0 2 , -CF 3 , -C 2 F 5 and -C 3 F 7 ; 



40 



45 



50 




[4] 



{— O CH— CH— CO-)— 



55 



wherein "d" is any one integer selected from 0 to 7, and R4 is any one selected from the group consisting of a 
hydrogen (H) atom, a halogen atom, -CN, -N0 2 , -CF 3 , -C 2 F 5 and -C 3 F 7 ; 
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5- 



10 



15 



20 




GO 



(CH 2 )e 



— (— O — CH— CH— CO-)- 



[5] 



25 



30 




[6] 



CH 2 )f 



— {— O CH — CH— CO-) — 



35 



40 



45 



52 



wherein T Is any one integer selected from 0 to 7 



CO 
CH 2 )g 



— (— O CH— CH— CO-^- 

wherein "g" is any one integer selected from 1 to 8; 



C7] 



55 
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w 



15 



20 




C8] 



CH 2 )h 



(-0 — CH— CH— C0-)- 



wherein "h" is any one integer selected from 1 to 7, and R6 is any one selected from the group consisting of a 
hydrogen (H) atom, a halogen atom, -CN, -NO z , -COOR', -S0 2 R", -CH 3 , -C 2 H 5 , -C 3 H 7 , -CH(CH 3 ) 2 and -C(CH 3 ) 3 , 
in which R' is any of a hydrogen (H) atom, Na, K, -CH 3 and -C 2 H 5 , 
atom, -OCH 3 and -OC 2 H 5 ; 



and R" is any of -OH, -ONa, -OK, a halogen 



25 



30 



35 




(CH 2 )i 



[9] 



fo- 



CH— CH; 



-CO-)- 



wherein "i" is any one integer selected from 1 to 7, and R7 is any one selected from the group consisting of a 
40 hydrogen (H) atom, a halogen atom, -CN, -N0 2 , -COOR' and -S0 2 R'\ in which R' is any of a hydrogen (H) atom, 

Na, K, -CH 3 and -C 2 H 5 , and R" is any of -OH, -ONa, -OK, a halogen atom : -OCH 3 and -OC 2 H 5 ; and 



45 



50 




[10] 



CH— CH— C0-)- 



55 



wherein "j" is any one integer selected from 1 to 9; 
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OH 

I ■ 

5 R1— (CH 2 )a— C-CH— CO— SCoA [12] 

^Z11? C °V S 3 COenzyme A bonded t0 an a'kanoic acid, and the combination of R1 and "a" is at least on P 

a monomer unit in which R1 is a hydrogen (H) atom, and "a" is any one integer selected from o to m- 
a monomer un t in which R1 is a haiogen atom, and »a« is any one'integer seTectedtom to 1 0 ' 
a monomer un. in which R1 is a camoxyl group or a salt thereof, and "a" is any one integer seiected from 1 to i n 

: = s ™r chromophorfc — and - is ^-- g e rs :— 



o 

H 2 



<?5 



30 



35 



40 



45 



50 



55 



and "a" is any one integer selected from 1 to 7; 

_j^J?-CH r (CH 1 )b-0H-CH£-CO-SCoA [13] 

R2 



- ^ ==/ "(CH; 2 )c — CH CH- CO SCoA [14] 

R3 

R4 J^) _eH r< CH 2»< , -CH-CH r -CO-SOoA [, 5] 
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atom, -CN, -N0 2 , -CF 3> -C 2 F 5 and -C 3 F 7 ; 



R5 



OH 

jL> "V-CO-(CH 2 )e-CH-CH— CO— SCoA [16] 



wherein -SCoA is a coenzyme A bonded to an alkanoic acid, "e" corresponds to "e" in the monomer unit represented 
by the formula [5] and is any one integer selected from 1 to 8, and R5 corresponds to R5 in the monomer unit 
represented by the formula [5] and is any one selected from the group consisting of a hydrogen (H) atom, a halogen 
atom, -CN, -N0 2 , -CF 3 , -C 2 F 5 , -C 3 F 7 -CH 3 , -C 2 H 5 and -C 3 H 7 ; 



OH 
I 

CH r (CHJf— CH-CH— CO— SCoA [17] 



wherein -SCoA is a coenzyme A bonded to an alkanoic acid, and "f corresponds to T in the :monomer unit 
represented by the formula [6] and is any one integer selected from 0 to 7; 



OH 
I 

CO-(CHJg-CH-CH— CO— SCoA [18] 



wherein -SCoA is a coenzyme A bonded to an alkanoic acid, and "g" corresponds to "g" in the monomer unit 
represented by the formula [7] and is any one integer selected from 1 to 8; 




OH 
I 

S — (CH 2 )h~CH-CH— CO— SCoA [1 9] 



wherein -SCoA is a coenzyme A bonded to an alkanoic acid, "h" corresponds to "h" in the monomer unit represented 
by the formula [8] and is any one integer selected from 1 to 7, and R6 corresponds to R6 in the monomer unit 
represented by the formula [8] and is any one selected from the group consisting of a hydrogen (H) atom, a halogen 
atom, -CN, -N0 2 , -COOR', -S0 2 R", -CH 3: -C 2 H 5 , -C 3 H 7 , -CH(CH 3 ) 2 and -C(CH 3 ) 3 , in which R' is any of a hydrogen 
(H) atom, Na, K, -CH 3 and -C 2 H 5 , and R" is any of -OH, -ONa, -OK, a halogen atom, -OCH 3 and -OC 2 H 5 ; 




/.% 



OH 

-C-S (CH 2 )i— CH-CH— CO— SCoA [20] 

R7' " H 2 

wherein -SCoA is a coenzyme A bonded to an alkanoic acid : V corresponds to "i" in the monomer unit represented 
by the formula [9] and is any one integer selected from 1 to 7, and R7 corresponds to R7 in the monomer unit 
represented by the formula [9] and is any one selected from the group consisting of a hydrogen (H) atom, a halogen 
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10 



25 



30 



35 



40 



atom, -CM, -NO Zl -COOR' and -S0 2 R», in which FT is any of a hydrogen (H) atom Na K rH anri r- ui 

n any of -OH, -ONa, -OK, a halogen atom, -OCH 3 and -OC 2 H 5 f and 3 2H5i a " d R 



'OH 



[f\- S — (CH 2 )j-^CH-CH-CO-SCoA 



[21] 



wherein -SCoA is a coenzyme A bonded to an alkanoic acid, and V corresoonds to »i" in tho , m 
represented by the formula [1 0] and is any one integer selected from 1 to 9 J 2monomer 

^ 20. The production process according to Claim 18, wherein the P o.yhydroxya, ka noate has a hydrophilic functional 

21 . The production process according to Claim 20, wherein the polyhydroxyalkanoate has an anionic functional group. 
2q 22. The production process according to Claim 21 , wherein the polyhydroxyalkanoate has a carboxyl group 



OOOH 

Upk t 



— {— O CH— CH— CO-}— 

wherein "k" is any one integer selected from 1 to 10; 



OH 

HOOC-(CH 2 )k^-C-CH-CO— SCoA 



[22] 



28. The prodoclon process according ,o Claim 27, M, ,he pol v h»d,ox ya , ta „„ a , e „ . po^xy.lkenoete con- 



56 

BNSDOCID: <EP 1262229A1J > 



EP 1 262 229 A1 



taining at least a monomer unit having an epoxy group. 

29. The production process according to Claim 27 or 28, wherein the compound having a reactive functional group at 
its terminal is a compound having an amino group. 

5 

30. The production process according to Claim 29, wherein the compound having an amino group is a terminal amino- 
modified compound. 

31. The production process according to Claim 30, wherein the terminal amino-modified compound is at least one 
10 compound selected from the group consisting of polyvinylamine, polyethylene-imine and terminal amino-modified 

polysiloxane. 

32. The production process according to Claim 25, wherein the step of chemically modifying is a step of crosslinking 
at least a part of the potyhydroxyalkanoate. 

15 

33. The production process according to Claim 32, wherein the crosslinking step is a step of reacting at least a part 
of the polyhydroxyalkanoate with a crosslinking agent. 

34. The production process according to Claim 33, wherein the polyhydroxyalkanoate is a polyhydroxyalkanoate con- 
20 taining at least a monomer unit having an epoxy group, 

35. The production process according to Claim 33 or 34, wherein the crosslinking agent is at least one compound 
selected from the group consisting of a diamine compound, succinic anhydride and 2-methyl-4-methylimidazole. 

25 36. The coloring composition according to Claim 35, wherein the diamine compound is hexamethylenediamine. 

37. The production process according to Claim 32, wherein the crosslinking step is a step of irradiating the polyhy- 
droxyalkanoate with electron beam. 

30 38. The production process according to any one of Claims 1 8 to 23, wherein the polyhydroxyalkanoate-synthesizing 
enzyme is a polyhydroxyalkanoate-synthesizing enzyme produced by a microorganism having the ability to pro- 
duce the enzyme or by a transformant obtained by introducing a gene that contributes to such producing ability 
into a host microorganism. 

35 39. The production process according to Claim 38, wherein the microorganism having the ability to produce the pol- 
yhydroxyalkanoate synthesizing enzyme is a microorganism belonging to Pseudomonas sp. 

40. The production process according to Claim 39, wherein the microorganism having the ability to produce the pol- 
yhydroxyalkanoate synthesizing enzyme is at least one microorganism selected from the group consisting of Pseu- 

40 domonas putida P91 strain (FERM BP-7373), Pseudomonas cichoriiH45 strain (FERM BP-7374), Pseudomonas 

cichoriiYN2 strain (FERM BP-7375) and Pseudomonas jessenii P1 61 strain (FERM BP-7376) 

41 . The production process according to Claim 38, wherein the microorganism having the ability to produce the pol- 
yhydroxyalkanoate synthesizing enzyme is a microorganism belonging to Burkholdeha sp. 

45 

42. The production process according to Claim 41 , wherein the microorganism having the ability to produce the pol- 
yhydroxyalkanoate synthesizing enzyme is at least one microorganism selected from the group consisting of Bur- 
kholderia cepacia KK01 strain (FERM P-4235), Burkhofderis sp. OK3 strain (FERM P-17370) and Burkho/deris 
sp. OK4 strain (FERM P-17371). 

50 

43. The production process according to Claim 38, wherein the microorganism having the ability to produce the pol- 
yhydroxyalkanoate synthesizing enzyme is a microorganism belonging to Atcaligenes sp. 

44. The production process according to Claim 43, wherein the microorganism having the ability to produce the pol- 
55 yhydroxyalkanoate synthesizing enzyme is Alcaligenes sp. TL2 strain (FERM BP-6913). 

45. The production process according to Claim 38, wherein the microorganism having the ability to produce the pol- 
yhydroxyalkanoate synthesizing enzyme is a microorganism belonging to Ralstonia sp. 



57 



BNSDOCID: <EP 1262229A1 J_> 



EP 1 262 229 A1 



15 



20 



25 



30 



35 



40 



45 



50 



55 



BNSDOCID: <EP 1262229A1J_> 



58 



EP 1 262 229 A1 



FIGURE 




BNSDOCID: <EP 1262229A1 J_> 



59 



EP 1 262 229 A1 



European Patent PARTIAL EUROPEAN SEARCH REPORT 



Office 



rhin h ho nder ^ l 5 ,° f 1he Eur °P ean Patent Convention? P 02 00 
shall be considered, for the purposes of subsequent UU 
proceedings, as the European search report 



Application Number 

9669 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



X,D 



Citation of document with indication, where appropriate, 
of relevant passages 



X,D 



X,D 



PATENT ABSTRACTS OF JAPAN 

vol . 1998, no. 01, 

30 January 1998 (1998-01-30) 

& JP 09 230131 A (K ANSA I SHIN GIJUTSU 

KENK YUSH0 : KK : 0SHIMA N08UMASA) 

5 September 1997 (1997-09-05)* 
abstract * 

PATENT ABSTRACTS OF JAPAN 
vol. 016, no. 159 (P-1339) 
17 April 1992 (1992-04-17) 

6 JP 04 009001 A (OPTREX CORP), 
13 January 1992 (1992-01-13) 

* abstract * 

PATENT ABSTRACTS OF JAPAN 

vol . 014, no. 296 (P-1067) 

26 June 1990 (1990-06-26) 

& JP 02 091602 A (SEIKO EPSON CORP) 

30 March 1990 (1990-03-30) 

* abstract * 

-/— 



INCOMPLETE SEARCH 



Relevant 
to claim 



2-17 



2-17 



CLASSIFICATION OF THE 
APPLICATION (lnt.CI.7) ' 



B01J13/18 
C09B67/00 



2-17 



Claims searched completely : 



Claims searched Incompletely : 

Claims not search ed ; 

Reason tor the lirnitation of 1he search: 

see sheet C 



TECHNICAL FIELDS 
SEARCHED (lrt.CI.7) 



B01J 
C09B 



p laco of scan 

MUNICH 



Date of compietien of tn* s^arc- 

8 October 2002 



CATEGORY OF CITED DOCUMENTS 

X particularly relevant I? taken abne 

Y particularly relevant if combined w1h another 

document of the sarrw category 
A technological background 
O : nan- written disclosure 
P : intermediate document 



Kj^miner 

Fritz, M 



T : th.eory or prirxriple underlying the invenlion 
E: : earlier patent document, but published on or 

after the fifing deto 
0 : document cited In the application 
L document cited for otfier reasons 

& :memt3er'c1 the same patent' famiiy^c^ 
document 



BNSDOCID: <EP 1262229A1_I_> 



60 



EP 1 262 229 A1 




European Patent 
Office 



INCOMPLETE SEARCH 
SHEET C 



EP 02 00 9669 



Application Number 



Claim(s) searched completely: 
2-17,19-49 



Claim(s) not searched: 
1,13 



Reason for the limitation of the search: 

Present claims 1 and 18 relate to an extremely large number of possible 
compounds/processes. Support within the meaning of Article 84 EPC and/or 
disclosure within the meaning of Article 83 EPC is to be found, however, 
for only a very small proportion of the compounds/processes claimed. In 
the present case, the claims so lack support, and the application so 
lacks disclosure, that a meaningful search over the whole of the claimed 
scope is impossible. 

Consequently, the search has been carried out only for claims 2-17 and 
19-49. 



61 



BNSDOCID: <EP. 



,1262229A1_L> 



EP 1 262 229 A1 



European Patent 
Office 



PARTIAL EUROPEAN SEARCH REPORT 



Application Number 

EP 02 00 9669 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category! Citation of document with indication, where appropriate, 
of relevant passages 



P,A 



WO 93 23795 A (GEN ELECTRIC CO PLC) 
25 November 1993 (1993-11-25) 

* the whole document * 

WO 01 92359 A (FORSCH PIGMENT! UNO LACKE E 
V ;SCHMIDT FRIEDRICH GEORG (DE); KERN) 
6 December 2001 (2001-12-06) 

* the whole document * 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lnt.CI.7) 



2-17, 
19-49 



2-17, 
19-49 



TECHNICAL FIELDS 



SEARCHED 



(lnt.Ct.7) 



62 



1262229A1_I_> 



EP 1 262 229 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 02 00 9669 



This annex lists the patent family nitwiibeis relating to the patent documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office EDPfilo on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

08-10-2002 



Patent document 
cited in search report 



Publication 
date 



JP 09230131 



JP 04009001 



JP 02091602 
W0 9323795 



A 
A 



25-11-1993 



W0 0192359 



06-12-2001 



05-09-1997 NONE 
13-01-1992 NONE 



30-03-1990 NONE 



Patent family 
members) 



Publication 
date 



NONE 


AT 


184403 


T 


15-09-1999 


AU 


667908 


B2 


18-04-1996 


AU 


4077993 


A 


13-12-1993 


BR 


9306330 


A 


30-06-1998 


CA 


2134650 


Al 


25-11-1993 


CN 


1082572 


A 


23-02-1994 


CZ 


9402725 


A3 


13-09-1995 


DE 


69326338 


Dl 


14-10-1999 


DE 


69326338 


T2 


30-12-1999 


EP 


0641461 


Al 


08-03-1995 


FI 


945218 


A 


05-01-1995 


WO 


9323795 


Al 


25-11-1993 


HU 


72225 


A2 


29-04-1996 


IL 


105635 


A 


05-12-1996 


NO 


944205 


A 


06-01-1995 


US 


6187439 


Bl 


13-02-2001 


us 


5543219 


A 


06-OB-1996 


us 


5665429 


A 


09-09-1997 


2A 


9303185 


A 


23-05-1994 


AU 


6744401 


A 


11-12-2001 


WO 


0192359 


Al 


06-12-2001 



§ For more details about this annex : see Official Journal of the European Patent Office, No. 1 2/82 



63 



1262229A1 L > 



THIS PAQi BLANK (uspto) 



